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SUMMARY 


This  report, covers  the  development  of  a  7.  G2MM  cold-worked  cartridge  case  by 
the  blank-eup-and-draw  process  at  Frankford  Arsenal.  Processing  cf  pilot  lots  of 
cases  was  |>erfornted  in-housc.  and  the  cartridges  thus  produced  were  proof-tested. 
Various  grades  of  low -carbon  steel  strip  supplied  by  different  manufacturers  were 
evaluated  for  formability  and  ballistic  performance.  Cases  produced  of  C1025  steel, 
0.2-1  carbon,  from  two  different  manufacturers,  were  found  to  be  most  satisfactory, 
both  in  processing  and  in  proof  testing. 

While  Tiring  test  results  indicate  that  a  cold-worked  steel  case  can  be  manufac¬ 
tured  to  acceptable  quality  levels,  much  additional  development  and  product  im¬ 
provement  must  be  performed  before  the  case  will  perform  at  a  level  comparable  to 
the  performance  level  of  the  present  7.  G2MM:  brass  case.  The  areas  requiring 
improvement  are  inspection,  surface  finish,  processing  equipment,  and  cost  reduc¬ 
tion.  Recent  advances  in;steel  making  and  coating  technology'  should  aid  in  the 
development  of  an  entirely  satisfactory  cold-worked  steel  case. 

This  report  is  organized  in  sections  covering  the  major  aspects  of  the  cold- 
worked  steel  case  effort  at  Frankford  Arsenal.  The  Process  section  relates  in 
detail  each  operation  in  the  manufacturing  process.  Additional  details  of  tools  and 
equipment  may  be  found  in  the  appendices.  The  Process  Metallurgy  section.de- 
scribes  the  metallurgical  changes  which  take  place  during  processing  of  a  lot  of 
cases.  The  Proof  Testing  section  gives  results.of  simulated  acceptance  tests  per¬ 
formed  on  each  pilot  lot  of  steel-cased  cartridges.  Conclusions  and  Recommenda¬ 
tions  resulting  from  the  study  may  be  found  at  the  end  of  the  report. 

FOREWORD 

Under  the  Army-wide  copper  conservation  program  of  1966,  Frankford  Arsenal 
was  assigned  the  problem  of  developing  and  manufacturing  a  pilot  quantity  of  7. 62MM 
ball  MSO  and  tracer  MG2  NATO  cartridges,  assembled  with  steel  cases.  This  task 
was  processed  to  completion,  using  a  process  calling  for  quenching  and  tempering 
of  the  completed  cartridge  case  before  varnishing. 

Due  to  the  problems  and  cost  associated  with  the  quenching  and  tempering  oper¬ 
ations  necessary  to  achieve  desired  hardness,  studies  were  made  to  determine  the 
feasibility  of  manufacture  of  a  case  wherein  the  hardness  is  derived  through  cold 
working  of  the  steel. 

Successful  cold  worked  7. 62MM  cases  have  been  developed  and  tested  by  other 
countries,  including  several  NATO  nations.  While  the  Frankford  Arsenal  cold 
worked  case  has  not  undergone  a  complete  series  of  Engineering  and  Service  Tests, 
ballistic  testing  at  Frankford  Arsenal  has  indicated  that  this  ease  can  be  manufac¬ 
tured  to  tolerance  levels  acceptable  to  both  U.S,  and  NATO  specifications. 


Case  Lot  Identification 


A  total  of  ten  lots  of  7.  (>2MM  steel  cased  cartridges  were  manufactured  at 
Frank  ford  Arsenal  during  the  period  from  February  1907,  to  December  1965. 

These  lots  are  summarized  in  Table  1,  which  shows  the  significant  process 
differences  among  the  ten  lots. 

Not  included  in  Tabic  1  are  two  lots  of  cases  cupped  from  strip  which  were  not 
completed  due  to  difficulties  encountered  during  processing. 

The  first  of  these  lots,  identified  as  lot  310-A-l,  using  Allan  Wood  1025  steel 
(.23C.),  was  suspended  at  4th  draw  due  to  a  high  percentage  of  split  mouths  at  2nd 
and  3rd  draws  and  mouth  shears  at  4th  draw. 

The  second  lot  found  unsatisfactory  during  processing  was  cupped  from  United 
States  Steel  Corp.  carbon  boron  steel  {.IOC,  hot  rolled),  and  was  likewise  suspended 
at  4th  draw.  Failures  consisted  mainly  of  partial  circumferential  ruptures  in  the 
case  body  approximately  1/2  inch  from  the  head.  Metallurgical  examination  of  the 
components  involved  revealed  inclusions  present  in  the  material  in  sufficient 
quantity  to  justify  suspension  of  any  future  production  of  cases  from  this  material. 

Figure  1  shows  the  process  used  for  production  of  lots  11A1,  11A2,  11B1,  and 
11B2.  The  process  finally  developed  as  a  result  of  the  study  is  shown  in  Figure  2. 
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*  Cups  heat  treated  at  1690°F,  water  quenched  and  tempered  at  1290°F. 


PROCESS 


This  section  covers  the  process  developed  for  pilot  manufacture  of  7. 62MM  cold- 
worked  steel  cases.  Initial  lots  of  cases  (11A1,  11A2,  11B1,  and  11B2)  were  pro¬ 
duced  using  slight  process  variations  until  proof-test  results  indicated  that  a  sat¬ 
isfactory  process  had  been  established.  These  variations  are  shown  in  Table  I. 
Appendix  A  shows  the  manufacturing  process  used  for  lots  31G-B-1,  310-C-l, 
310-D-l,  310-F-l,  310-G-2,  and  310-C-3.  Appendix  I  shows  the  final  manufac¬ 
turing  process  dcvelojjcd  and  recommended  for  future  production.  Operations 
described  in  this  section  follow  the  sequence  siven  in  Appendix  B.  Dimensions  and 
configurations  of  .process  pieces  are  shown  in  the  sketches  of  Appendix  C. 

Blank  and  Cup  -  Blanking  and  cupping  from  steel  strip  was  performed  at  Frankford 
Arsenal  for  the  production  of  approximately  l,  100, 000  7.  G2MM  steel  cases,  the 
great  majority  of  which  were  p.roccsscd  into  heat  treated  cases.  However,  the 
methods  used  to  fabricate  the  cups  arc  applicable. equally  to  the  coin  work  process, 
since  the  cups  used  for  both  processes  are  identical.  (Sec  drawing  No.  X10535793A.) 

The  press  us,cd  for  blanking  and  cupping  was  a  Bliss  B G  double  acting  press  equipped 
with  twin  flywheels,  operating.ai  approximately  SO  strokes  per  minute.  The  die  set 
used  with  this  press  contained  five  stations,  allowing  up  to  five  cups  to  be  made  with 
each  press  stroke.  A  single  die  was  used  at  each  station  for  completely  forming 
the  cup.  No  sizing  die  was  employed. 

As  stated  in  "Material  Requirements",  blanking  and  cupping  was  accomplished 
using  oiled  strip  as  received  from  the  steel  supplier,  without  the  benefit  of  zinc 
phosphate  coating.  Lubrication  of  the  unphosphated  strip  proved  to  be  a  continuing 
problem  to  which  a  completely  satisfactory  solution  was  never  found.  Lubro— 14, 
manufactured  by  G.  Whitfield  Richards,  proved  to  be  the  most  successful  lubricant 
tried,  particularly  when  mixed  with  Lubri-Cool,  manufactured  by  Lord  Laboratories, 
Detroit,  in  the  amount  of  one  pound  of  Lubri-Cool  to  55  gallons  of  Lubro-44  solution. 
For  production  purposes,  a  lubricant  concentration  of  1  part  Lubro-44  to  1  1/2  parts 
water  was  found  to  be  most  satisfactory.. 

Lubricant  solution  was  applied  to  the  tools  through  use  of  the  circulating  system 
incorporated  in  the  press  design.  Streams  of  lubricant  were  directed  onto  the  top 
of  the  stripper  plate  to  achieve  a  puddling  effect  on  top  of  the  strip.  In  addition, 
streams  were  directed  under  the  strip,  between  the  strip  and  the  die  block.  In  both 
of  these  approaches,  flow  of  coolant  into  the  die  ceases  as  the  blanking  punch  brings 
the  underside  of  the  strip  into  contact  with  the  top  surface  of  the  die. 

Due  to  the  lack  of  a  sizing  die,  injection  of  lubricant  through  a  lube  ring  located 
below  the  blank  and  cup  die  was  precluded.  Consideration  was  given  to  the  use  of 
jets  to  direct  a  high-pressure  stream  of  coolant  upward  into  the  die,  but  this 
method  was  never  attempted. 
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taxed  fsoea  FS-Wi-18  or  ES-W1-12  steel,  is  estimated  to  be  approximately  25.000 
pieces. 

la  SB  effect  to  determine  the  effects  of  rice  phosphite  coaling  of  strip  oo  blanking 
and  ccppssgs.  52  strips,  each  sexesa  feet  long,  were  cut  From  a  coil  and  phosphate 
coated.  These  drips  fappreeri cafetdy  4, 000  pieces)  were  processed  with  con- 
jnis&ecssc:  cost  E^dilces  ncic  dirairalcd,  and  tool  life  and  production  were 
increased.  A  process  was  also  tried  wherein  partially-formed  ceps  were  made 
FrtKK3:cEpSDsjsp&atcd  strip.  Resslts  were  encouraging,  iItfeoeg-2  the  partial  cups 
were  formed  with  very  roegh  edges.  Plans  called  for  phosphatir-g  and  Seal  forming 
oo  a  maciScd  Srsr  draw  press;  while  this  task  was  never  completed,  results 
appeared  procnisieg  for  further  derefopsnest. 

Wash  and  itsst  Prcwrl  -  Foiloging  the  fed:  and  cop  operation,  the  caps  were 
washed  to  rcswc  all.  traces  or  dirt  and  lubricant  and  thereby  prevert  the  formation 
of  xcsadbc  on  the  pieces  daring  annealing.  The  rust  preventative,  consisting  of  a 
Gaol  rinse  in  potassium  dachromatc  solution,  retards  rust  formation  during  short 
periods  o£  storage  and  need  not  be  removed  prior  to  annealing. 

The  machine  used  to  accomplish  this  operation  was  a  Baird,  inclinable  barrel, 
rotary  washer.  The  cups  are  contained  in  Ihe  barrel  and  are  washed  and  rinsed  as 
the  barrel  re  les.  The  tumbling  action  produced  by  an  avger  inside  the  barrel 
removes  any  ourrs  present,  resulting  from  the  black  and  cup  operation. 

Washing  solution  was  prepared  hy  dissolving  four  cups  of  tri-sodium  phosphate  in 
hot  water.  A  washing  time  of  1/2  hour  was  found  to  be  sufficient. 

Anneal  for  First  Draw  -  In  all  lots  of  cold  worked  cases,  the  cups  were  annealed 
prior  to  first  draw  to  recrystal iize  the  basic  ferrite  grains.  The  purpose  of  this 
anneal  was  id  reform  the  spberoidized  structure  present  in  the  steel  strip  as 
received  from  the  manufacturer  and  thereby  increase  the  ductility  of  the  material, 
making  it  suitable  for  additional  forming.  Hardness  of  the  amiealed  pieces  was  kept 
at  or  belewRBoS  2t  a  position  on  the  sidewall  1/15"  from  the  base. 


The  furnacc.used  for  annealing  was- a  "Lindberg  electric  three-zone  retort-type 
furnace,  with  a  controlled  atmosphere  of  carbon  monoxide  to  prevent  oxiuation  and 
scale  formation  on  the  pieces.  A  cooling  chamber  is  incorporated  to  prevent  con¬ 
tact  of  the  heated  pieces  with  the  outside  atmosphere. 

Temperature  within  the  retort  is  controlled  by  zones:  entrance,  center  and  dis¬ 
charge.  During  the  annealing  cycle,  all  zones  are  maintained  at  1320°F  (outside 
retort).  Due  to  heat  loss  in  transfer  through  the  wall  of  the  retort,  the  temperature 
of  the  pieces  is  maintained  at  approximately  12906F. 

Heating  and  cooling  times  (51  minutes  each)  used  were  the  maximum  times  available 
with  the  furnace  used,  which  gives  a  minimum  speed  of  rotation  or  approximately 
O.G  RPM. 

Two  lots  of  cases  manufactured  early  in  the  program  (see  Tabic  I)  utilized  a  quench 
and  temper  operation  to  condition  the  cups  for  first  draw.  For  this  operation,  a 
muffle  furnace  was  employed  to  heat  the  pieces  to  a  temperature  of  1690°F.  The 
pieces  were  then  quenched  upon  removal  from  the  furnace,  and  tempered  at  1290°F. 

Quenching  and  tempering  eliminated  spheroids,  resulting  in  a  tempered,  possibly 
laminar,  structure  having  very  fine,  carbides.  This  structure  is  harder  to  form  than 
the  spheroidized  structure,  but  possesses  superior  properties.  However,  a  complete 
quench  could  not  be  obtained  due  to  the  thickness  of  the  material,  and  the  1320°F 
anneal  wa3  adopted  for  future  production. 

Phosphate  Coat  and  Lubricate  -  Following  annealing,  the  cups  were  cleaned,  pickled, 
zinc  phosphated,  and  lubricated  prior  to  first  draw.  The  procedure,  consisting  of 
seven  sections,  is  as  follows: 


Section 

Treatment 

Agent 

Temp 

Minutes 

To  remove 

First 

Clean 

Alkaline  Solution 

190-200°F 

10 

Foreign  matter 

Drain- 

2 

Second 

Rinse 

Water 

150-170?F 

4 

Solution 

Drain 

2 

Third 

Pickle 

Sulfuric  Acid  Sol'n 

145-155°F 

8 

Oxidation- 

Drain 

2 

Fourth 

Rinse 

Water 

Cold 

2 

Acid  Sol'n 

Drain 

2 

Fifth 

Coat 

Zinc  Phosphate 

170-180°F 

10 

-  -  - 

Drain 

3 

Sixth 

Rinse 

Water 

Cold 

2 

Excess  Coating 

Drain 

2.5 

Seventh 

Lubricate 

* 

8 

-  -  - 

*  Supplied  by  phosphate  manufacturer 


In  the  first  section  operation,  the  pieces  are  cleaned  to  remove  all  traces  of  dirt, 
grease,  and  other, /foreign  matter  present  from  annealing  and  handling.  The  solution 
used  is  a  mixture  of  Cleaning  Compound  I'X-2,  manufactured.by  Amalgamated 
Chemical  Corporation;  caustic  soda  flakes;  and  hot  water.  Details  on  solution 
mixing  may  be  found  in  Universal  Solution  Mixing  Section,  Operation  No.  U-66. 

The  third  section  operation  is  a  sulfuric  acid  pickle,  the  purposes  of  which  are 
to  remove  oxidation  from  annealing,  arid  to  etch  the  surface  of  the  pieces  prior  to 
zinc  phosphating,  providing  a  surface  to  which  the  coating  will  adhere.  Pickling 
solution  is  prepared  in.accordance  with  Universal  Solution  Mixing  Section,  Operation 
No.  U-165. 

Thezinc  phosphate /coating,  applied  in  the  fifth  section  operation,  is  an  adherent 
film  used  to  retain  the  lubricant  film.  The  compound  used  is  Bonderite  160X,  pur¬ 
chased  from  the  Parker  Rustproof  Company.  The  solution  is  prepared  according 
to. Universal  Solution  Mixing.Section,  Operation  No.  U-166. 

In  the  seventh  .°cction  operation,  the  lubricant  coating  is  applied  to  the  zinc 
phosphated  pieces-  The  compound  used  was  Bonderlube  235;, however,  the  lubricating 
compound  must  be  purchasedfrom  the  same  manufacturer  as  is  the  zinc  phosphate 
compound  to  assure  compatibility  of  the  two  coatings.  The  lubricating  solution  is 
prepared  by  mixing  with  hot  water  and  sulfuric  acid,  in  accordance  with  Universal 
Solution  Mixing  Section,  Operation  No.  U-167. 

The  machine  used  to  perform  the  Phosphate  Coat  and  Lubricate  operation  was  a 
two-section,  rotary-cylinder  type  machine  manufactured  by  N.  Ransohoff,  Inc. 

The  solutions  are  maintained  at  the  proper  temperatures  in  separate  tanks,  until 
ready  for  use,  when  they  are  pumped  into  the  rotary  cylinder  containing  the  work. 

First  Draw  -  The  first  draw  operation  was  performed  on  the;  annealed  cups  using 
a.  Bliss  #62  duplex  press,  with  5-inch  stroke  producing  four  pieces  per  stroke 
(two  pieces  each  side).  As  with  all  drawing  operations,  two  dies,  top  and  bottom, 
were  used  to  form  the  metal.  These  were  used  in  conjunction  with  a  guide  ring  and 
a  stripper,  but  without  a  lube  ring. 

Lubrication  and  tool  cooling  were  accomplished  using  a  stream  of  lubricant  solution 
supplied  by  a  circulating  system  and  directed  onto  the  punch  and  downward  into  the 
dies.  No  problems  were  encountered  relative  to  lubrication  and  cooling,  as  long  as 
the  zinc  phosphate  and  lubricant  coatings  applied  during  the  previous  operation  were 
satisfactory. 

The  compound  used  for  tool  cooling  was  G.  Whitfield  Richards  SB  300  drawing  com¬ 
pound,  mixed  in  the  ratio  of  one  part  SB  300  to  six  parts  hot  water. 


Wash,  Rust  Preventive  Rinse  and  Dry  -  The  purpose  of  this  operation  is  identical  to 
that  of  Wash  and. Rust  Prevent:  removal  of  foreign  matter  and  drawing  solution 
from  the  pieces.  However;  the  tumbling  action  produced. in  the  Baird  washer  is  no 
longer  needed  nor  desired.  For  this  reason,,  a  Niagara  Washer,  manufactured  by 
G.  S.  Blakeslee  Company  was  employed.  The  washer  uses  a  rotating  barrel  with 
an.auger  to  transfer  the  pieces  through  the  solutions.  The  work  is  carried  in  the 
barrel, above  the  solution  surface.  The  solutions  are  introduced  by  means  of  scoops 
which  raise  the  solutions  into  the  liarrel,  immersing  the  pieces. 

The  cleaning  agent  employed  was  a  Solution  of  Pennsalt  30  dissolved  in  water.  The 
solution  is  mixed  accordingly  Universal  Solution  Mixing  Section,  Operation  No; 

U-32,  with  the  exception  that  7  1/2  pounds  of  alkaline  cleaner  is  used  in  place  of 
the  two  pounds  specified. 

For  prevention  of  rust  formation  on  the  cleaned  pieces,  a  water  solution  of  potassium 
dichromate  was  used.  The  solution  is  prepared  by  the  addition  of. three  ounces  of 
potassium  dichromate  to  the  rinse  tank  of  the  washer. 

Following  rinsing,  the  pieces  arc  dried  using  hot, air  circulated  over  the  work  in  the 
rotary  barrel  by  means  of  a  blower. 


A  summary  of  the  operations  performed  in  the  Niagara  washer  follows: 


Section 

Operation 

Agent 

Temp  °F 

Minutes 

To  remove 

First 

Wash 

Alkaline  Solution 

180-200 

1  1/2 

Foreign  matter 

Second 

Rinse.  & 

Potassium 

180-200 

1  1/2 

Alkaline 

Rust 

Dichromate 

solution 

Preventive 

Solution 

Third 

Dry 

Hot  air 

220-240 

2 

Moisture 

Anneal  for  Second  Draw  —  This  operation  was  added. to  the  process  commencing  with 
the  manufacture  of  lot  310- D-l  (See  Table  I),  due  to  the  high  incidence  of  mouth 
splitting  encountered  during  subsequent  drawing  operations.  With  the  addition  of 
this  anneal,  the  loss  of  ductility  of  the  material  produced  by  cold  working  through 
first  and  second  draws  was  minimized.  In  the  processing  of  subsequent  lots  of 
cases,  mouth  splitting  during  drawing  was  greatly  reduced. 

The  procedure  and  equipment  used  to  accomplish  this  operation  was  identical  to 
that  employed  for  the  Anneal  for  First  Draw. 

Hardness  on  the  sidewall  of  the  piece  at  a  location  1/16"  from  the  base  was 
maintained  at  Rg66  maximum. 

Phosphate  Coat  and  Lubricate  -  This  operation  is  identical  to  the  Phosphate  Coat  and 
Lubricate  operation  following  Anneal  for  First  Draw. 


10 


Second, Draw  -  The  second  draw  operation  was  performed  on  a  Bliss  No.  304  press, 
with  an-S-ineh  stroke  utilizing  a  maximum  Of  four  stations  to  produce  up  to  four 
pieces  per  stroke.  In  pilot  production,  however*  only  a  single  punch  was  used. 

The  design  of  the  die  set  incorporated  a  guide'ring,  top  die,  lube  ring,  "bottom  die, 
and  stripper. 

Coolant  solution  was  introduced  at  two  locations:  from  a  stream  directed  onto  the 
punch  and  downward  into  the  dies,  and  from  The  lube  ring  located  between  the  dies. 
Pressure  for  ■  both  v/as  supplied  by  a  circulating  system.  Solution  employed  was 
identical  to  that  used  for  the  first  draw  operation,  mixed  in  the  same  ratio  of  one 
part  SB  300  to  six  parts  water. 

The  pieces  are  fed  to  the  press  by  means  of  a  rotary  pin  hopper,  followed  by  an 
air-operated.turnover,  feeding  into  feed  tracks  located  on  the  press,  through 
flexible  tubes.  The  pieces  are  pushed. along  the  feed  tracks  by  means  of  mechanically- 
operated  fingers,  which  cause  each  piece  to  drop  into  the  guide  ring  prior  to  the 
downward  stroke. of  the  draw  punch. 

Wash,  Rust  Preventive  Rinse  and  Dry  -  This  operation  is  identical; to  the  Wash,  Rust 
Preventive  Rinse  and  Dry  operation  following  First  Draw. 

Anneal  for  Third  Draw  -  This  operation  is.  identical  to  the  .Anneal  for  First  Draw. 
Maximum  allowable  hardness. on  the  sidewall  at  a  position  l/lG"  from  the  junction 
of  base  and  sidewall  was  ItgGG. 

Phosphate  Coat  and  Lubricate  -  This  operation  is  identical  to  the  Phosphate.  Coat  and 
Lubricate  operation  following  Anneal  for  First  Draw. 

Third  Draw  -  The  third  draw  operation  utilized  the  same  Bliss  No.  304  press  which 
was  employed  at  Second  Draw.  Changes  made  to  modify  this  press  were  confined 
to  the  feed  track,  which  was  made  narrower  and  higher  to  accommodate  the  deeper- 
drawn  second  draw  piece.  Again,  a  single  punch  was  used  for  pilot  production. 

Wash,  Rust  Preventive  Rinse  and  Dry  -  This  operation  is  identical  to  the  Wash,  Rust 
Preventive  Rinse  and  Dry  operation  following  First  Draw. 

Phosphate  Coat  and  Lubricate  -  This  operation  is  identical  to  the  Phosphate  Coat 
and  Lubricate  operation  preceding  First  Draw. 

Fourth  Draw  -  The  equipment  used  for  the  Fourth  Draw'  operation  was  essentially 
similar  to  that  used  for  the  second  and  third  draw  operations.  The  press  employed 
was  again  a  Miss  II 304,  but  having  an  increased  stroke  of  9  inches.  The  longer 
stroke  was  required  in  order  that  the  draw  punch  would  clear  the  third  draw  com¬ 
ponent  upon  feed!r>g,  and  so  that  the  draw  component  would  be  pushed  completely 
through  the  strij  completion  of  the  downward  stroke.  The  press  used  could 

accommodate  a  muAimum  of  three  punehest  although  only  a  single  punch  was  used 
for  pilot  production. 
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■fte  draw-jag  sofcgMQ  tsd  as.  ffaarsb  draw  was  art^gflaeil  la  peegasaaaoa  ard  appiieaaiaa 
so  cscd  at  second  ra  taird  dr»s. 

H  sbsxidbtt  amd  g*rtf  830  aaawl  is  eased  beeweea  Hie  tcixd  drar  asd  focrfr  draw 
apealwa  Tie  ccSd  wo-ifesag  cfl  tie  ssaen^Sl  off  tbs  ccespanerg-s  crrfrr;  tbese  two 
esgabffss&es  aa  elecyjsted  jyra^as  saroescse  ia  tee  i-idtasaSS.  laereasirg  Hie 
5r»Tr*«M^s:  aadSesssle  seresastb  eff  toe  ease  bad?,  tel  Acwasug  Hie  traasxeree  dactSfiy. 

X&e  paaea  ckc  to  perffacss  tie  ffoerti  dzzx  operar*oo  was  ebroese  pSascd.  Tee  chooc 
phs^p^ietaidsmr.  allows  tie  sieeS  to  asome  slseg;  tie  peach  raose  reasSSy. 
a  pa  is  strippsag.  Pex h  wear  at  Sax!  toar  becoeses  paggagelarij  critical,  siace 
wall  fctnrifcg^ss  san  body  cacKgaragice  axe  detoafad  by  this  operat-ac.  la 

•w4.-liai.-Mg_  tie  iardtaesss  of  tie  fcsrrdb  dear  poccc,  aad  CoascqacatEy  of  tie  Sstsaed  caae 
sadewaH,  are  adbseved  tSeeegb  proper  HSages^g  of  tie  saetal. 

A  «3$  re-***  sa  toe  ceengarafiaoca  of  tie  Sisal  drww  peach  prior  to  precessfrg 

off  lots  3IQ-C-2  aad  31®-C-X  TSds  rSaggy  tserostatd  toe  locatSoa  aod  eepeh  off  the 
peaca  cadercca.  which  was  acode  deeper  asd  located  closer  to  tie  t ip  off  the  parch 
to  tafstiraire  gpEras^g  ,raocacx5oei5g*  off  tie  sacsfiSa  off  tie  piece  dbrisg  strippisg.. 

pg*-vi  radfes  oo  tie  focraia  draw  peach  was  fiousad  to  be  a  critical  factor  related  to 
proper  feacfiiociag;  off  tie  case,  fe  was  noCed  ttSal  lacJk  off  a  proper  Mead  raders  at  a 
posse.  1.455  freer  tie  peach  tip.  at  a  jractioc  poEse.  off  acgBcs.  was  tie  carse 

off  a  partial  cxseanSeredLal  rqptcre  fa  ftscfiioa  asd  casualty  testing. 


Wash,  Rust  Preventive  Rinse  and  Dry  -  This  operation  is  identical  to  the  Wash,  Rust 
Preventive  Rinse  and  Dry  operation  following  First  Draw. 

Trim  -  The  machine  used  to  perform  this  operation  was  a  single-spindle  horizontal 
trim  machine,  manufactured  by  Peters  Engineering  Company,  employing  a  rotary 
cutter  and  burring  cutter.  Spindle  speed  used  was  1, 740  RPM;  cutter  speed  was 
400  RPM.  No  lubricant  was  used  for  the  trim  operation,  but  tool  life  is  extended  by 
the  wash  operation  preceding. 

Sort  -  The  purpose  of  the  sort  operation  js  to  segregate  scrap  by  means  of  a  visual 
inspection  performed  on  the  pieces  as  they  pass  the  inspector  on  a  moving  belt 
conveyor. 

Pocket  -  The  pocket  operation  was  used  throughout  cold  worked  case  processing  to 
introduce  a  greater  amount  of  cold  working  into  the  head  of  the  case  than  would  be 
possible  using  a  single  heading  operation.  The  pocket  operation  forms  a  dimple  at 
the  ultimate  location  of  the  finished  primer  pocket,  part  of  which  remains  after 
heading. 

Through  cold  forming  of  the  metal  around  the  pocket  punch  and  around  the  tip  of 
the  pocketing  eject  stem,  a  relatively  uniform  hardness  and  grain  configuration  is 
attainable  in  the  entire  head  area  following  heading. 

The  machine  used  for  pocketing  was  a  63-ton  horizontal  crank  and  toggle  press 
manufactured  by  Jarecki  Machine  Company,  having  a  crank  stroke  of  8  1/2  inches 
(pocket  punch)  and  a  toggle  stroke  of  7  7/8  inches  (eject  stem) 

Lubrication  was  accomplished  by  means  of  an  oil  cup  dispensing  lard  oil  to  a 
wiping  cloth  which  contacts  the  work. 

An  automatic  knockoff  device,  actuated  by  a  limit  switch,  stopped  the  press  in  the 
event  of  a  feed  stoppage.  This  was  necessary  to  prevent  the  pocket  punch  contacting 
the  eject  stem  when  no  work  was  present  in  the  die. 

Head  -  At  the  heading  operation,  the  primer  pocket  was  formed  from  the  indent  pro¬ 
duced  at  the  pocket  operation,  the  base  surface  of  the  head  was  formed  and  head- 
stamped,  and  the  final  inside  base  configuration  of  the  case  was  formed.  In  forming 
the  head  about  the  heading  punch  and  eject  stem,  additional  cold  working  was  per¬ 
formed  in  the  head  area  to  achieve  finished-case  hardness. 

Equipment  and  lubrication  used  at  the  heading  operation  were  identical  to  those 
used  at  pocketing,  with  the  exception  of  tooling. 

A  two-piece  heading  punch  was  used  throughout  the  program,  due  to  difficulties 
encountered  in  obtaining  one-piece  punches.  This  method  was  found  satisfactory, 
although  it  produced  a  burr  at  the  junction  of  the  primer  pocket  and  head  surface. 
This  burr  was  removed  by  the  introduction  of  a  deburring  station  at  the  venting 
operation. 
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\V..oh.  Rust  Preveoiive  Rinse  and  Dry  -  This  operation  1*  identical  to  the  Wash,  Bust 
Preventive  Rinse  and  Dry  operation  following  First  Draw. 

Stress  Relief  -  The  stress  relief  operation  was  introduced  So  relieve  internal  stresses 
in  the  pieces  following  the  major  cold  forming  operations,  without  altering  the 
physical  properties  of  the  steel.  The  operation  was  performed  bv  heating  the  pieces 
to  a  temperature  of  S40±  10°F  for  40  minutes;  at  heal  in  an  electric,  recirculating 
air  furnace  manufactured  by  Lindberg  Engineering  Comjsiy. 

As  sbov.n  ;n  Table  I,  two  lots  of  cold  worked  cases  were  stress  relieved  following 
the  vent  operation.  No  significant  advantages  or  disadvantages  of  this  procedure 
were  discovered  in  the  two  lots  involved. 

Head  Turn  -  The  machine  used  to  perform  this  operation  was  a  single  spindle  hori¬ 
zontal  head  turn  machine  manufactured  by  Standard  Knapp.  At  the  completioa  e * 
production,  spindle  speed  was  2.270  RPM  and  machine  speed  was  40  RPM  (40  pieces 
per  minute).  Machine  speed  was  reduced  to  approximately  one-half  that  used  for 
the  7. 62MM  brass  case,  in  an  effort  to  improve  tool  life. 

Tool  life  was  Improved  through  a  change  to  carbide  tooling,  although  tool  life  and 
breakage  codnued  to  be  problems.  Tool  cooling  and  lubrication  were  accomplished 
by  means  of  an  atomizer  dispensing  z  mist  directly  onto  the  form  cool.  The-mist 
was  prepared  by  mixing  one  part  of  S-500  soluble  oil,  manufactured  by  Ezsgsterftr 
Labe,  Inc. .  Mantua,  N.J. ,  with  30  parts  of  water.  The  mixture  was  then  poured 
into  the  atomizer,  which  was  adjusted  to  provide  a  fine  mist. 

fhie  to  the  difficulties  encountered  at  the  head  turn  operation,  it  is  suggested  that 
any  funire  developmental  work  on  head  turning  o£  steel  cases  be  setup  os  a  Black 
Rock  Universal  head  turn  machine.  This  machine,  having  variable  speed  motors 
and  adjustable  feed,  is  more  versatile  where  developmental  work  is  repaired  to 
determine  optimum  feeds  and  speeds. 

Vent  and  Deburr  -  The  vent- and  deburr  operation  for  the  steel  case  was  separated 
from  the  primer  insert  operation  in  order  that  the  varnish  applied  to  the  finished 
case  would  completely  cover  the  case,  including  the  vent  hole. 

The  machine  used  to  vent  and  deburr  was  a  crank  and  rocker,  vertical,  straight 
line,  underdrive  primer  insert  machine  manufactured  by  Waterbary  Farrel  Foundry 
and  Machine  Company.  The  machine  was  altered,  by  removal  of  stations,  in  order 
that  only  the  burr,  vent,  and  no  vent  detect  functions  would  be  performed. 

Various  automatic  knockoff  devices  were  incorporated  into  the  machine  setup.  These 
were  as  follows: 

a.  At  the  Burr  station  a.  knockoff  device  was  actuated  in  the  event  that  a  case 
failed  to  feed  into  the  machine. 
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b.  At  both  the  First  and  Second  No  Vent  Detect  stations,  a  knockoff  device 
was  actuated  in  the  event  that  a  case  was  produced  with  no  vent  hole,  an  eccentric 
vent  hole,  cr  foreign  matter  in  Ibe  pocket-  f 

As  was  slated  in:  the  description  of  the  Head  operation,  the  Burr  station  incorpor¬ 
ated  in  the  Vent  and  Deburr  operation  may  1*  eliminated  when  a  one-piece  heading 
punch  Is  used.  In  the  event,  that  a  one-piece  heading  punch  is  used  in  future  produc¬ 
tion,  it  is  recommended  that  a  horizontal  crank,  single  punch  press,  manufactured 
by  Derlysfeire  Machine  Company,  be  utilized  to  perform  the  vent  operation. 

Partial  Body  Anneal  -  A  partial  body  anneal  was  performed  on  the  vented  case  in 
order  that  the  neck  and  shoulder  of  the  completed  case  could  be  formed  without  the 
ocMrreace  of  splits  and  folds  at  the  Taper  and  Plug  operation.  The  hardness  pattern 
produced  at  the  body  anneal  was  found  to  be  particularly  critical,  both  in  the  Taper 
and  Plug  operation  and  in  function  and  casualty  testing  of  the  finished  cartridges. 


Two  methods  were  utilized  for  annealing  the  cases.  The  method  first  used  in  the 
program  made  use  of  a  twin-screw,  horizontal  gas  flame  annealer,  manufactured  by 
Modern  Bond,  and  operating  at  a  speed  of  120  RPM. 

The  second  method  used  for  annealing  utilized  an  induction  annealer  manufactured 
by  the  Ohio  Crankshaft  Company.  The  cases  were  conveyed  through  an  induction  coil 
opevatedby  a  lOfcllz  alternating  current  generator  by  means  of  a  chain  having  rollers 
to  rotate  the  cases.  The  Tocco  annealer  was  originally  purchased  for  a  body  anneal¬ 
ing  operation  which  was  attempted  on  the  heat  treated  steel  case.  At  the  time  this 
operation  was  eliminated  from  the  process,  the  machine  was  altered  for  use  in 
partial  body  annealing  of  the  cold  worked  case  during  processing  of  lot  31G-D-1. 

(See  Table  I). 

Several  casualties  were  encountered  during  function  and  casualty  testing  of  this  lot. 
Ia  ah  effort  to  determine  the  cause  of  the  casualties,  another  lot,  310-C-2,  was  pro¬ 
cessed  using  the  induction  anneal.  From  the  satisfactory  results  obtained  from  this 
lot,  it  was  subsequently  determined  that  induction  annealing  was  feasible  in  the  pilot 
production  of  the  cold  worked  case. 


Four  paddle-type  hoppers  were  used  to  feed  cases  to  the  annealing  fixture  through  a 
turnover.  Continuing  difficulties  were  encountered  in  the  feeding  of  the  cases  to  the 
conveyor.  Failure  of  a.  single  hopper  to  feed  produced  gaps  in  the  work  on  the  con¬ 
veyor,  resulting  in  distortion  of  the  alternating  field  within  the  induction  coil.  This 
distortion  produced  inconsistent  hardness  patterns  in  the  work  produced. 

Another  problem  area  resulted  from  failure  of  the  cases  to  rotate  within  the  induction 
coil.  The  cases  were  caused  to  rotate  by  friction  between  a  guide  rail  and  fiber 
rollers  attached  to  the  conveyor  chain.  The  guide  rail  required  precise  adjustment, 
which  could  not  always  be  maintained  during  operation.  Failure  of  a  case  to  rotate 
produced  drastic  differences  in  the  hardness  pattern  around  the  circumference  of 
the  case. 
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The  hardness  pattern  specified  for  the  final  case  lots  after  body  anneal  was  a  result 
of  comparison  of  function  and  casualty,  test  results  with  hardness  patterns  present 
in  previous  lots.  It  was  found  that  previous  lots  differed  greatly  in  hardness  before 
tapering  at  a  point  on  the  sidewall  l-ir/16"  from  the  outside  base.  (See  Table  H). 

Thus,  the  final  two  lots  were  precessed  using  a  hardness  pattern  before  tapering 
similar -to  that. used  in  the  more-successful  prior  lots.  This  pattern  was  produced 
in  lot  310-02,  which  was  gas  annealed,  and  then  reproduced  in  lot  310-03  by 
induction  anneal. 

TABLE  n 


HARDNESS  AFTER  BODY  ANNEAL  (VICKERS  2-1/2  kg) 
Distance  from  Outside  Base  (in) 


Lot 

1-13/32 

.1-1/2 

1-37/64 

1-11/16 

1-3/4 

1-7/8 

11A1 

264 

11A2 

270 

160 

152 

11B1 

259 

151 

147 

11B2 

270 

175 

155 

310-B-l 

265 

273 

220 

167 

310-C-l 

279 

267 

165 

161 

310-D-l 

284 

253 

206 

205 

310-F-l 

.  254 

251 

158 

148 

310-C-2 

269 

245 

176 

162 

162 

310-C-3 

256 

240 

150 

150 

Using  both  gas  and  induction  annealing  equipment,  aB  soon  as  it  could  be  tentatively 
determined  by  hardness  checks  that  the  machine  had  been  properly  adjusted,  approx¬ 
imately  five  pieces  were  tapered,  using  appropriate  tooling,  and  inspected  with  a 
magnifying  glass  for  visual  evidence  of  taper  folds  in  the  neck,  shoulder,  and  upper 
body.  In  selecting  samples  of  annealed  pieces  for  hardness  determination  and  taper¬ 
ing  visual  inspection,  it  is  important  that  the  sample  from  the  induction  annealer  be 
selected  from  the  approximate  center  of  a  quantity  of  pieces  sufficient  to  completely 
fill  the  coil,  in  order  that  the  field  distortion  explained  previously  may  be  avoided. 

Phosphate  Coat  -  The  body  annealed  pieces  were  phosphated  prior  to  the  Taper  and 
Plug  operation  in  order  that  the  oil  used  as  a  lubricant  would  be  retained  by  the 
pieces  during  tapering.  The  Phosphate  Coat  operation  is  identical  to  the  Phosphate 
Coat  and  Lubricate  operation  following  anneal  for  First  Draw;  with  the  exception  of 
the  seventh  section  operation  (lubricate),  which  is  omitted. 


Taper  and  Plug  -  The  Taper  and  Plug  Operation  was  performed  on  a  vertical  double 
action  crank  press  manufactured  by  E,\V.  Bliss  Company.  The  press  utilizes  a 
rotary  indexing  table  to  feed  the  pieces  to  each  successive  station  in  the  operation. 

As  performed  on  the  majority  of  the  cold  worked  case  lots,  the  taper  and  plug 
operation  consisted  of  four  separate  forming  operations,  all  performed  on  the  same 
press.  These  were  mouth  ironing,  first  taper,  second  taper,  and  plug. 

The  mouth  ironing  operation  was  not  used  for  a  portion  of  the  production,  particularly 
when  it  was  determined  that  the  work  coming  to  the  Taper  and  Plug  operation  was  in 
satisfactory  physical  condition  and  free  of  dents.  It  was  found  that  dents  present  in 
the  body-annealed  work  caused  folds  in  the  shoulder  and  neck  area  upon  tapering. 
Therefore,  it  is  recommended  that.the  mouth  ironing  station  be  utilized,  particularly 
if  dents  are  found  to  be  present  in  the  untapered  cases  at  the  mouth  and  upper -bod)'. 

The  body  taper,  shoulder,  and  neck  of  the  case  are  formed  at- the  two  tapering 
stations.  At  the  second  taper  station,  adjustment  is  made  in  the  press  to  determine 
the  head-to-shoulder  length  of  the  completed  case.  Finished  case  dimensions  call 
for  a  head- tc- shoulder  length  of  1.  C32  -  .  006".  Attempts  were  made  to  keep  as 
close  to  the  mean  of  this  tolerance  as  possible.  However,  a  statistical  sampling  of 
cases  manufactured  concurrently  from:  two  different  steels  indicated  that  the  mean 
head-to-shoulder  dimension  differed  by  approximately  0. 002"  between  the  two  case 
lots. 

The  purpose  of  the  plugging  station  is  final  sizing  of  the  mouth  inside  diameter.  This 
station  utilizes  only  a  punch,  which  is  inserted  into  the  case  mouth  and  withdrawn. 

Lubrication  of  the  components^ is  accomplished  using  mineral  cutting  oil  purchased 
in  accordance  with  specification  VV-0-25IA,  which  is  applied  to  the  outside  surface 
of  the  case  by  felt  pads  and  to  the  inside  surface  of  the  neck  by  a  leather  washer. 

The  pads,  mounted  in  holders,  are  mechanically  activated  to  lubricate  the-outside 
surface  of  the  cases  on  the  upstroke  of  the  press.  The  washer  enters  the  mouth  of 
the  case  at  the  end  of  the  downstroke  and  deposits  oil  on  the  inside  of  the  case  neck. 
The  lubricant  flows  tc  the  felt  pads  and  washer  from  three  oil  reservoirs  which  are 
regulated  to  maintain  the  pads  and  washer  in  a  moistened  condition. 

The  amount  of  lubricant  applied  at  the  lubrication  station  must  be  carefully  regulated 
to  prevent  the  over-application  of  oil  to  the  outside  surface  of  the  case.  Excessive 
application  of  lubricant  was  found  to  result  in  entrapment  of  lubricant  between  the 
case  and  the  tapering  dies,  causing  dents  and  wrinkles  in  the  tapered-case  body. 

At  the  plugging  station,  lubricant  was  applied  to  the  punch  to  reduce  friction.  The 
oil  was  supplied  from  a  reservoir  which  was  adjusted  to  maintain  a  thin  film  of  oil 
on  the  punch. 
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FozdgaEgaifer  ins  dtftcaed  ai  a&e  iebricaiao  saUae  ay  eeass  of  s.  mechanical 
ocecicr.  wiada  5b%  e^md  tbe  case  oa  the  press  dowsstrake.  Ia  the  cvers  that  a 
case  coaSataaed  screws  EsEler,  tbe  detector  did  not  exzer  fully  and  actuated  a  knock¬ 
off. 

Wash,  tea  Ptewatlre  Risse  aad  Dnr  -  Has  operation  is  identical  to  tbe  Wash,  Rust 
St«itali«t  Risse  aad  Dry  opeiatioa  foUoxisg  First  Dmr. 

Fiai-sb  Trim  -  Tbe  Fiats  Trisa  openlko  was  the  last  forming  operation  performed 
ia  the  process.  The  machine  csed  was  a  single  spindle  vertical  trim  machine 
Bsandactgredby  Fidelity  Xtcaiae  teajaay. 

Is  perform  lag  the  trim  operatise  using  this  machine,  it  is  important  to 
pieces  ia  the  Sedble  feed  tube  at  all  times  while  the  machine  is  in  operatise.  When 
tbe  Edbe  was  allowed  to  empty  t&rocfh*  feed  atofvia^  at  the  hopper,  the  last  piece 
fed  han  she  tdbe  tended  to  bounce  aad  be  held  by  the  case  ssgpoet  at  a  position  ab- 
.aorraaSy  close  to  the  cssGer,  resting  ia  aa  excess  s£ metal  beiag;  trimmed  off  and 
ccascqpeaft  ssart  case  length. 

Wash.  RsSt  Frevestiyc  RIase  aad  Bfcy  -  This  operative  Is  identical  to  the  Wish,  Rost 
PreredSie  Rinse  and  Dry  operatic*  foilosriag  First  Draw. 

Vassal  Inspect-  160$  -  BpaecokspEefSoa  of  Sbcmlag  operatises,  all  cases  in  a. lot 
were  rascally  iapeded  for  all  defects. 

froQ  PhaspSate  —  The  iron  paggpfcatlsg  opera*  Soe,  cfletisfeg  off  several  separate 
qpeniices  rtilixisig  a.  series  of  tasks  aad  a  lacatfeg  basket,  is  pezfcsned  co  the 
eases  to  onarSde  a  base  epos  which  So  agp»y  gfa*  wymSgfi  The  process 

eegiawped  ia  applying  the  iraa  pfo-wpiatf  cosaqg  ibEows: 

a.  Alkaline  clean-  the  pieces  are  immersed  ia  soefeaa  ogfeosilacafe  sdssoa 
at  a  tXKxeetLrsiim  off  4-fi  ocaces  per  plica  aad  temperature  of  lSC-SM^F  for  five 
ffiirastes. 

fo.  Flowing  water -risse-  she  warik  is  rinsed  ia  water  at  a.  femperaStsre  of 
170-lSa^F  for  two  mirages. 

c.  Acid  packle  ~lhejpfe©es  are  feansersed  Isa  FeaasalS.  FK-SO,  25%--caace&- 
tralica  fey  vofee  at  145-155°  F  for  eig53L  calashes.  PenasslL  PJI— SO  is  a.  feycrocMcric 
acid-cased  material  fausd  particularly  effective  ibr  removal  of  scale. 

d.  Flawisg water  rinse- same  as  step  (p£. 

ft.  femaphcsjpSale- tbe  cases  are  feamersed  in  CekateCrys  Costco.  S3  at  a 
cocxesfirafioa  of  SrS  tacts  per  gallon  of  water  arai  x  tessperatcre  af  i55-lS5®E  for 
S-SsaiEEzfegs. 


f.  FlGwing.  water  rinse  -  same  as  step  (b). 

g.  .Conditioning  rinse  -  the  work  is  immersed  in  chromic-phosphoric  acid, 
PH2-4,  at  165- 17 5° F  for  one  minute. 

Drying  is.accomplished  immediately  following  removal  of  work  from  the  conditioning 
rinse  while  the  pieces  are  still  hot  by  blasting  with  compressed  air  while  the  basket 
is  rotating. 

This  process  utilizing  Pennsalt  PM-90  was  adopted  after  processing  of  lots  310-02 
and  310-C-3.  The  PM-90  stage  replaces  an  electrolytic  cleaning  operation  formerly 
used  to  remove  scale.  In  each  of  tbe  above  two  lots  a  high  percentage  of  defective 
cases  were  produced  at  the  electrolytic  cleaning  operation  due  to  arcing  between 
components. 

Varnish  -  Varnishing  of  finished  cases  was  performed  using  a  centrifuge-type 
varnishing  machine  manufactured  by  Ronci.  In  operation,  the  iron  phosphated  cases 
are  placed  in  varnishing  racks  which  are  inserted  one  at  a  time  into  the  varnish 
machine.  The  cases  axe  first  immersed  in  varnish  for  approximately  one  minute. 
They  are  then  centrifuged  for  one  minute  to  remove  excess  varnish.  The  varnish 
removed  is  returned  to  the  varnish  container  in  the  machine. 

The  phenolic  varnish  used  is  purchased  in  accordance  with  MIL-V-i2276C,  Type  HI, 
Class  B.  Varnish  viscosity  at  room  temperature  must  be  26  to  30  seconds  Zahn  #2 
cup,  for  proper  application. 

Due  to  the  amount  of  labor  and  handling  involved  in  applying  varnish  using  the  method 
described  above,  a  machine  was  designed  and  procured  to  varnish  and  cure  cases 
in  production  quantities.  The  machine  utilized  a  series  of  pins  which  were  loaded 
manually  and  which  conveyed  the  cases  through  varnish,  drain,  cure  and  eject 
stations.  Provisions  were  also  made  for  stripping  of  varnish  from  the  conveyor  pins 
prior  to  reloading. 

This  machine  was  tested  using  samples  of  cases,  and  it  was  discovered  that  satisfac¬ 
tory  stripping  of  varnish  from  the  conveyor  could  not  be  accomplished.  Efforts  made 
to  rectify  the  situation  were  not  successful,  and  use  of  the  machine  was  discontinued. 

Varnish  Cure  -  Upon  removal  of  the  cases  from  the  Rcnei  varnish  machine,  the 
racked  cases  are  cured  in  an  oven  at  375  to  400  degrees  F  metal  temperature  for 
30  to  45  minutes. 

The  color  of  the  cured  cases  was  used  as  a  general  check  of  the  varnish  curing 
operation.  Properly  cured  cases  were  uniformly  dark  green  in  appearance.  A  grey 
appearance  indicated  incomplete  cure;  dark  brown  indicated  high  curing  temperature. 
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Acceptance  of  a  group  of  cured  cases  was  determined  by  immersion  of  sample  cases 
in  acetone,  purchased  in  accordance  with  Federal  Specification  O-A-51,  for  a  period 
of  five  minutes.  On  removal  from  the  acetone,  the  sample  cases  were  rubbed  vigor¬ 
ously  with  the  thumb,  hand,  or  suitable  wiping. material  and  visually  inspected  for 
evidence  of  lifting,  blistering,  or  softening  of  the  varnish.  In  the  event  that  the 
varnish  failed  to  pass  the  acetone  immersion  test,  the  group  of  cases  was  returned 
to  the  oven  for  additional  curing. 

Visual  Inspect  -  100%  -  This  inspection  is  simular  to  the  100%  Visual  Inspect  oper¬ 
ation  preceding  iron  phosphating.  At  this  inspection,  however,  special  attention  is 
paid  to  defects  which  might  occur  during  iron  phosphating,  varnishing  or  varnish 
curing.  In  addition,  certain  types  of  defects,  such  as  draw  scratches  and  shoulder 
folds,  become  more  apparent  with  the  reflective  varnish  coating. 

Problems  were  encountered  at  this  operation,  which  were  caused  by  dirty  paddle 
hoppers  on  the  inspection  machine.  The  hoppers  had  accumulated  a  film  of  dust  and 
non-adherent  zinc  phosphate  from  prior  inspection  operations,  which  if  not  carefully 
washed  from  the  hopper  and  paddle  wheel,  severely  scratched  the  varnish  coating  on 
the  cases.  The  scratching  was  noted  to  be  particularly  severe  in  the  areas  of  the  rim, 
junction  of  body  and  skoulder,  and  mouth  of  the  case. 

Prime  -  Primer  insertion  was  accomplished  using  a  Waterbury  Farrel  primer  insert 
machine  identical  to  that  used  for  the.  Vent  and  Deburr  operation,  with  the  Vent  and 
Deburr  stations  removed.  The  two  No  Vent  Detect  stations  were  included  in  both 
the  Vent  and  Deburr  and  Prime  operations.  While  these  stations  were  not  entirely 
necessary  at  this  stage  of  processing,  they  were  included  to  eliminate  the  occurence 
of  this  serious  defect.  In  the  event  that  the  Derbyshire  venting  machine  is  used,  the 
two  No  Vent  Detect  stations  should  be  utilized  at  the  Prime  operation,  as  the  Derby¬ 
shire  machine  does  not  perform  this  function. 

At  the  Prime  operation,  the  following  functions  are  performed. 

a.  No  case  detect  -  an  automatic  knock-off  device  is  actuated  when  a  case  is 
omitted,  stopping  the  machine. 

b.  Spread  mouth  -  the  mouth  and  neck  of  the  case  are  straightened  to 
facilitate  bullet  insertion. 

c.  No  vent  detect  il  1  &  2  -  an  automatic  knock-off  device  is  actuated  when  a 
missing  vent  hole  or  foreign  matter  in  the  pocket  is  detected  at  either  of  these  two 
stations. 

d.  Insert  and  seat  primer  -  the  primer,  fed  by  a  conveyor,  is  inserted  into 
the  case  to  the  proper  depth. 
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e.  Inyerted-and  no  primer  detect  —  in  case  of  an  inverted  or  missing  primer, 
an  escapement  is  automatically  opened  to  allow  the  case  -to  drop  into  a  container. 

f.  Crimp  -  the  metal  immediately  surrounding  the  primer  is  circular  crimped 
to  retain  the  primer  in  the  pocket. 

g.  Waterproof  mouth  and  primer  -  waterproofing  compound  is  applied  to  the 
case  mouth  by  means  of  a  plunger  and  to  the  space  between  primer  and  pocket  side- 
wall. 

Primer  waterproofing  solution  is.  mixed  in  accordance  with  Universal  Solution 
Mixing  Section,  Operation  No.  U-110.  Viscosity  at  room  temperature  was  main¬ 
tained^  15  seconds,  Zahn  #2  cup. 

Mouth  waterproofing  compound  is  mixed  in  accordance  with  Universal  Solution 
Mixing  Section,  Operation  No.  U-lll;  Viscosity  at  room  temperature  was  main¬ 
tained  at  17  to  33  seconds,  Zahn  if  2  cup.  The  band  of  waterproofing  applied  to  the 
case  mouth  was  maintained  at  approximately  0. 28  inch  wide. 

Mouth  waterproofing  should  be  allowed  to  dry  for  a  period  of  not  less  than  two  hours 
and  not  greater  than  three  days  before  bullet  insertion. 

All  operations  included  in  the  processing  of  cold  worked  cases  have  been  included 
in  this  section.  Procedures,  and  equipment  are  current  as  of  this  writing  and 
cessation  of  production  of  pilot  lots.  However,  equipment  improvement  studies, 
particularly  in  the  areas  of  blanking  and  cupping,  induction  body  annealing  and  iron 
phosphating,  are  continuing  at  Frankford. Arsenal.  Efforts  are. being  made  to  improve 
both  the  quality  and  efficiency  of  these  operations,  which  at  present  have  not  been 
developed  to  the  state  necessary  for  continuous  high-volume  production. 
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10.  -lili  Draw 

17,  Wasbi  Rust  Provenfc  Rhine  ft  Dry 

18,  Trim  ’  10,  Trim  17,  Trim 

10.  Oort  10,  Bout  18.  Bout 

SO,  Pocket  10,  Pocket 


30,  V  trnlsh  &  Ouro  34.  Varnish  ft  Cum 

31.  Visual InspooC  35.  Visual Inspeol 


PROCESS  METALLURGY 

This  section  describes  the  material  requirements  of  the  strip  used  in  processing  the 
7. 62mm  steel  case  ar.d  the  metallurgical  changes  which  take  place  at  various  steps 
of  processing.  Figures  4  to  14  show  representative  hardnesses  and  microstructures 
of  respective  process  pieces. 

Material  Requirements 

Thegreatest  portion  of  the  work  done  at  I'rankford  Arsenal  in  cold  worked  case 
development  utilized  cold  rolled  steel  strip,  varying  in  carbon  content  from  .22%C 
to  .  31%C.  A  total  of  ten  lots  of  cartridges. were  manufactured,  using  four  different 
steels  for  case  fabrication.  These  four  steels  are  shown  in  Tables  IV  and  V. 

It  was  found,  as  a  result  of  success  in  processing  and  in  ballistic  testing,  that  two 
of  the  steels,  both  ATS!  grade  1025,  performed  significantly  more  satisfactorily  in 
nearly  all  respects  than  did  the  other  two  steels,  of  AISI  grades  1026  and  1030.  The 
determining  factor  being  considered  in  both  of  these  areas  is  incidence  of  splitting, 
both  during  processing  and  during  function  and  casualty  testing.  In  all  instances, 
when  a  given  lot  of  cases  contained  many  rejects  due  to  splitting  in  process,  the  same 
condition  was  encountered  during  proof  testing  of  the  cases  remaining  in  the  lot.  All 
steels  were  aluminum  killed,  of  fine  grain  and  drawing  quality,  and  were  supplied  in 
the  spheroidized  annealed  condition. 

It  has  been  found  particularly  important  in  the  manufacture  of  steel  caseB  to  limit 
the  defects  la  the  strip  to  an  absolute  minimum.  Defects  which  have  been  found  to 
be  particularly  detrimental  are  roll  marks,  seams,  scratches,  scale  pits,  and  rolled- 
in  scale. 

Due  to  lack  of  adequate  facilities,  phosphate  coating  of  the  strip  before  blanking  was 
never  attempted  by  the  steel  suppliers  or  by  Frankford  Arsenal  on  a  production 
basis.  However,  if  coated  strip  is  utilized,  rigid  inspection  of  the  strip  before 
coating  is  required  in  order  that  the  defects  noted  above  may  be  detected. 

Table  IV 

Chemistry  of  Steel  Strip 
Manufacturer’s  Ladle  Analysis 


Mfr 

Grade 

C 

Mn 

P 

S 

Si 

A1 

Republic 

1026 

.22 

.82 

.010 

.009 

.02 

.040 

Sharon 

1025 

.24 

.34 

.010 

.016 

.04 

- 

Republic 

1030 

.31 

.75 

.013 

.021 

- 

- 

Republic 

1025 

.24 

.43 

.010 

,022 

- 

- 
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Table  V 

Chemistry  of  Steel  Strip 
Manufacturer's  Ladle  Analysis 


Mfr 

Grade 

C_ 

Mn 

P 

S 

Si 

Ai 

Republic 

1026 

.22 

.  69, . 70 

.002 

.023 

<1 

.04 

Sharon 

1025 

.25 

.  35 

.006 

.018 

<1 

.05-.  1 

Republic 

1030 

.34 

.  80, . 79 

.002 

.632 

<•1 

.02 

Republic 

1025 

.22 

.44 

.003 

.021 

<.l 

.03 

Process  Evaluation 

Processing  of  all  lots  of  cold  worked  cases  was  monitored  by  examination  of  hard¬ 
nesses  and  microstructures  at  each  stage  of  processing  where  a  metallurgical  change 
occurred.  Figures  4  to  14  show  the  results  of  these  examinations  for  lot  310-C-l. 

This  lot  was  manufactured  from  Sharon  C1025  steel,  which  proved  to  be  one  of  the 
most  satisfactory  steels  evaluated. 

Figure  4  shows  the  m  icrostructure  and  hardness  of  the  coil  of  Sharon  steel  used  for 
cupping  of  the  lot.  The  steel  is  purchased  according  to  specification  MIL-S-645A(MU). 
The  chemical  composition  of  the  steel,  given  in  Tables  I  and  n,  differs  from  that 
specified  by  MIL-S-G45A(MU),  since  one  objective  of  the  study  was  to  determine  the 
suitability  of  various  steels  for  case  manufacture.  The  as-received  strip  is  relatively 
fine-grained,  with  most  of  the  carbides  in  the  spheroidal  form  with  relatively  uniform 
distribution. 

The  unannealed  cup  is  shown  in  Figure  V.  The  sidewall  and  base  both  retain  the 
spheroidized  annealed  structure  of  the  strip.  The  cold  worked  sidewall  shows 
directionality,  whereas  the  base  is  equiaxed.  Unrestricted  grain  flow  was  evident 
in  all  areas.  The  annealed  cup.  Figure  6,  shows  a  relatively  equiaxed  ferrite 
matrix  in  both  the  sidewall  and  base. 

The  first  draw  operation,  shown  in  Figure  7,  shows  relatively  severe  grain  elongation 
in  the  sidewall.  Minor  strain  occurs  in  the  curvature  region  between  sidewall  and 
base;  little  change  occurs  in  the  m icrostructure  of  the  base.  All  lots  of  cases  pro¬ 
cessed  prior  to  TMP-310-D-1  were  processed  through  the  first  and  second  draws 
with  no  interdraw  anneal.  Lots  processed  after  that  time  were  annealed  prior  to 
second  draw  to  lessen  drawing  force  and  minimize  mouth  splitting. 

Figure  8  shows  the  as-drawn  second-draw  component.  Severe  grain  elongation  is 
evident  in  the  sidewall  due  to  the  lack  of  an  annealing  operation  between  the  first  and 
second  draws.  Subsequent  addition  of  the  inter  draw  anneal  eliminated  this  condition. 
Again,  there  is  little  change  in  the  base  area. 
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Tie  anneal  alter  second  draw,  shown  in  figure  9,  producer  recry sullizalica  in  the 
side-wall  following  the  severe  wor&ir*  as  second  draw.  Minor  grain  growth,  which 
could  because  critical  if  allowed  to  persist,  is  evident  in  the  base  area. 

Figure  10  shows  the  third  draw  operation.  The  sidewall  structure  is  severely  cold 
worked,  but  no  tearing  of  grain  boundaries  is  evident.  The  base  structure  remains 
unchanged. 

The  fourtb-draSr  component  is  shown  in  figure  11.  Severe  elongation  may  be  seen  in 
the  sidewall.  The  cold-worked  hardness  of  the  case  sidewall  is  prodaced  principally 
at  the  third  and  fourth  draws,  which  are  performed  with  no  icserdrsw  anneal.  Again, 
little  change  is  seen  in  the  microstructure  of  the  base  area. 

Figure  12  shows  the  beaded  cogs  pocerat.  Prior  to  heading,  a  pocketing  operation  dis¬ 
tributes  the  metal  in  the  head  of  the  case  to  aid  in  centering  the  printer  pocket  and  to 
provide  additional  cold  working.  At  the  heading  operation,  the  outside  head  surface 
is  flattened  and  the  primer  pocket  is  formed.  Excess  metsl  from  the  die  cavity  is 
forced  outward  into  the  "ears”  shown  at  the  lower  corners  cf  the  diagram  of  figure 
12.  The  reverse  flow  of  metal  Cross  the  die  cavity  and  compressive  forces  at  the 
curvature  combine  to  create  the  minor  cold  shuts  shown  in  the  photomicrograph. 

Following  the  above  forming  operations,  a  stress  relief  is  performed  to  relieve 
internal  forming  stresses  and  increase  overall  hardness.  Sidewall  hardness  increases 
of  approximately  20  to  60  points  Vickers  are  evident  in  figure  13.  The  figure  also 
shows  the  hardness  pattern  measured  on  the  exterior  surface,  in  the  upper  sidewall 
which  is  produced  by  the  partial  body  anneal  preceding  tapering.  The  anneal  softens 
the  neck  and  shoulder  areas  sufficiently  for  tapering.  The  case  sidewall  below  the 
shoulder  must  remain  in  the  cold-worked  condition  to  withstand  the  compressive 
stresses  which  are  induced  at  the  tapering  operation.  An  equiaxed  grain  structure 
is  produced  In  the  upper  sidewall  with  go  change  to  the  lower  sidewall  and  bare  areas. 

The  finished  case,  shewn  as  figure  13,  shows  the  hardnesses  measured  zi  the  standard 
positions  shown  on  Drawing  FB244I2.  Sidewall  hardness  is  measured  on  the  exterior 
sidewall;  head  hardness  is  measured  on  a  longitudinally- sectioned  case. 

Table  VI  shows  the  finished  case  hardness  of  the  various  lots.  Hardness  shown  is 
She  average  of  10  pieces. 
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Figure  10.  Third  Draw 
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Figure  11.  Fourth  Draw 
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PROOF  TESTING 


Simulated  acceptance  testing  was  performed  on  all  lots  of  cold  worked  cartridges. 
Quantities  were  reduced  during  tests  of  some  lots  due  to  the  small  quantities  of 
cases  in  these  lots.  Testing  was  performed  according  to  AMCR  715-505  "Ammunition 
Ballistic  Acceptance  Test  Methods,  Vol  :i:  Test  Procedures  for  7. G2mm  Cartridges" 
dated  February  1964.  Specification  Mil -C-46281C(MU),  dated  1  May  19G5.  was  used 
for  evaluation  of  the  ammunition,  which  was  loaded  with  tracer  bullets. 

Briefly,  the  acceptance  tests  fired  and  the  requirements  of  the  tests  are  as  follows: 

Accuracy  -  mean  radii  of  90  cartridges  fired  at  ambient  temperature  and  at  600- 
yard  range  shall  not  exceed  5.  0  inches  for  ball  ammunition  packed  in  cartons  or  clips, 
7.5  inches  for  ball  ammunition  packed  in  links,  or  15.0  inches  for  tracer  ammunition. 

Velocity  -  average  velocity  of  20  cartridges  conditioned  at  68°  -  72°F,  shall  be 
2750  -  20  fps.  Average  velocity  of  20  cartridges  subjected  to  high  or  low  temper¬ 
atures  shall  not  vary'  from  the  average  velocity  of  the  same  lot  conditioned  at  68°  - 
72°F,  bv  more  than  +250  fps,  nor  more  than  -150  fps.  Where  sample  size  is  other 
than  20.  quantity  is  given  in  table  of  proof  test  results. 

Chamber  Pressure  -  average  chamber  pressure  of  20  cartridges  conditioned  at 
68°  -  72°F,  shall  not  exceed  50, 000  psi.  Average  chamber  pressure  of  20  cartridges 
subjected  to  high  or  low  temperatures  shall  not  exceed  55, 000  psi,  nor  exceed  the 
average  chamber  pressure  of  the  same  lot  conditioned  at  68°  -  72°F,  by  more  than 
+7,500  psi,  nor  more  than  -15,000  psi. 

Port  Pressure  -  average  port  pressure  of  20  cartridges  conditioned  at  6S°  -  72°F, 
shall  be  12, 500  T  2. 000  psi. 

Action  Time  -  average  action  lime  of  50  cartridges  fired  at  70°  +  2°F,  shall  not 
exceed  4  milliseconds. 

Trace  -  85‘jf.  of  a  sample  of  206  tracer  cartridges  fired  at  ambient  temperature 
must  function  according  to  specification. 

Vacuum  -  50  cartridges  are  immersed  in  water  in  a  container  which  is  evacuated 
to  7  1/2  psi  below  atmospheric  pressure.  Data  given  in  the  table  of  proof  test  results 
lists  the  number  of  leaking  cartridges  of  a  sample  of  50. 

Bullet  Pull  -  the  force  required  to  extract  the  bullet  from  the  case  shall  not  be 
less  than  60  pounds. 
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Function  and  Casualty  -  quantities  of  cartridges  of  each  lot  fired  in  -  _jch  weapon 
at  each  temperature  are  listed  in  the  table  of  proof  test  results  in  parentheses  fol¬ 
lowing  casualty  listings.  Firing  in  the  M72  machine  gun  is  not  required  and  was  per¬ 
formed  for  information  only.  Permissible  quantities  of  the  defects  and  abbreviations 
shown  in  Table  VII  are  as  fellows: 

Ruptures.  Body 

Complete,  J-Area(ItJ)  -  O 
Partial.  l,-Area(RL)  -  O 

Misfire  (MF)  -  1 

Large  Primer  leak  (LL)  -  22 

Small  Primer  leak  {SL>  -  49 

Splits 

Neck  and  shoulder  (I  and  S)  -  49 
Body  (J)  4 

Body  (K)  1 

Primer  setback  -  no  defect  if  not  loose. 

Failure  to  extract  (FX)  -  0 

The  above  summary  should  be  used  onlj'  for  interpretation  of  the  proof  test  results 
presented  in  this  section.  Full  details  are  available  in  the  referenced  specifications 
and  regulations. 
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SAMPLES  OF  CASE  CASUALTIES  -  TMP  310 
(See  Fig.  20) 

SEPTEMBER,  196S 


SAMPLE 

TEMP  °F 

LOT 

WEAPON 

TYPE  OF  SPLIT 

A 

f  7G 

310-D-l 

M52 

I 

B 

^125 

310-F-l 

M73 

I 

C 

+  70 

310-  B-l 

M73 

SJ 

D 

+  70 

310-D-l 

LAR 

SJ 

E 

+1G0 

310- B-l 

M14 

SJ 

F 

+125 

310- B-l 

LAR 

SJ 

G 

*•  70 

310-D-l 

LAR 

SJ 

II 

+125 

310-C-l 

LAR 

SJ 

I 

+  70 

310-D-l 

M73 

is 

J 

+125 

310-C-l 

J!73 

IS 

fC 

+160 

310- B-l 

LAR 

s 

L 

+125 

310-D-l 

MTS 

s 

M 

—  65 

310- B-l 

L1A1 

S 

X 

—  65 

310-D-l 

M14 

s 

O 

+125 

310-D-l 

M73 

IS 

P 

-  65 

310-D-l 

L1A1 

13 
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CONCLUSIONS 


As  a  result  of  toe  study  covered  by  ibis  report,  a  process  was  developed  for  pro¬ 
duction  of  a  7.62mm  cold  worked  steel  case.  Lots  310-C-i.  310-C-2,  310-C-3  and 
310-F-l.  all  produced  from  CI025  steel,  gave  the  most  satisfactory  results  in 
simulated  acceptance  testing. 

To  verify  the  producihility  of  the  cold  worked  case  by  tbe  process  thus  developed,  the 
Industrial  Services  Directorate  at  Frackford  Arsenal  was  instructed  to  process  a 
quantity  of  Sharon  C1025  steel  strip  according  to  a  specified  process  (shown  as 
Appendix  B)  without  assistance  front  the  project  engineer.  Approximately  70. 000 
ball  iISC  and  30. 000  tracer  &I62  cartridges  were  produced  according  to  a  manufac¬ 
turing  process  which  was  slightly  modified  iron  that  specified.  Results  of  simulated 
lot  acceptance  testing  were  disappointing.  The  lot  of  bell  cartridges  was  rejected 
due  to  a  large  cumber  of  case  body  splits.  Processing  and  testing  of  these  lots  will 
be  covered  by  a.  separate  report. 


Adequate  inspection  and  quality  c  octroi  are  mandatory  in  steel  case  production.  Much 
cf  the  in-process  inspection  during  pilot  production  was  performed  by  persons  familiar 
only  with  brass-case  production.  Hue  to  the  notch  sensitivity  of  steel,  it  is  partic¬ 
ularly  important  that  craw  scratches,  wrinkles,  taper  folds,  and  other  surface  im¬ 
perfections  be  eliminated  prior  to  packaging. 

Surface  finish  is  particularly  critical  due  to  the  poor  corrosion  resistance  of  the 
steel  case.  Tests  should  he  performed  diligently  and  frequently  during  processing 
to  insure  that  Iron  phosphate  and  varnish,  axe  applied  properly. 

Machine  adjustments  and  tool  dimensions  must  be  checked  frequently  particelariy 
with  cold  worked  cases,  since  overall  case  hardness  is  determined  by  the  amcaat  of 
redaction  and  cold  working  performed  at  the  various  forming  operations. 

RECOMMENDATIONS 

Since  the  start  of  cold-worked  steel  case  processing  in  1357,  supplies  of  copper  on 
the  free  world  market  have  become  more  stable  and  less  costly.  The  Copper 
Industry  Trade  Institute  has  predicted  a  surplus  of  copper  over  the  next  few  years, 
thereby  temporarily  eliminating  the  need  for  a  7. 62mm  steel  case  for  economic 
reasons.  At  the  present  time,  the  cost  of  converting  ammunition  plants  to  steel  case 
production  appears  to  osttweigh  any  price  advantage  of  steel  over  brass  as  a  raw 
material. 


As  a  result  of  tbe  apparently  improving  condition  of  copper  supplies,  it  is  recom¬ 
mended  that  the  process  documented  by  this  report  be  shelved  but  kept  in  readiness 
in  tbe  event  that  copper  becomes  scarce. 
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The  g;o*l  of  the  present  steel  case  program  was  to  provide,  in  a  minimum  amount  of 
time,  a  steel  case  process  which  could  be  implemented  in  an  emergency  using  as 
many  pieces  cf  eas fly-available  equipment  as  possible.  However,  with  recent  ad¬ 
vances  in  steelmaking  technology,  the  feasibility  of  a  greatly-improved  steel  case 
should  be  investigated  in  a  long  range  study  aimed  at  reducing  the  cost  and  im¬ 
proving  the  performance  of  the  small-caliber  cartridge  case. 
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FHAXXrCRD  ARSHAL 

AMMUNITION  DEVELOPMENT  &  ENGINEERING  LABORATORIES 
ENGINEERING  DIVISION  TMP-310-7.62M1  STEEL 

Project  Engineer — - - - - - - Walter  Weis  J7200  txt«^233 

Tool  A  Component  Design  Engineer - - R.  Grosskurtb  J7200  Ext.  4194 

IED  Technical  Administrator — - — - - Joseph  Charno  J91G0  Ext.  1241 

Process  Engineers— ———————— — —  Peter  Bertino  J9100  Ext .4.194 

Sidney  White  J9100  Ext. 6272 

Support  Engineering 

Metallurgy——————  R.  Coyle  J4500  Ext.  21111 

r.  Dougherty  J4500  Ext.  24195 

Chemistry - - - E.  Kelley  J4400  Ext.  5123 

W.  Svekla  J4400  Ext.  242B5 

Subject — — = - r> — - — - — — - Case,  Cartridge,  7-62MI  Steel,  Cold 

Worked,  Manufactured  from  different 
types  of  steel. 

Instructions  and  Requirements: 

1.  The  following  types  and  quantities  of  steel  strip  and  cups  will 
he  processed  and  tested  under  this  program.  Each  type  of  steel  will  he 
identified  with  a  different  letter  which  must  he  maintained  throughout 
the  life  of  the  program. 

a.  TMP-310-A  -  6000 lbs.  of  1023  carbon  steel  purchased  from 

Allen  Wood  Co.  One  half  of  cups  produced 
under  TMP-309-A 

b.  TMP-310-B  -  6000  Ids.  of  1025  carbon  steel,  vacuum  degased 

purchased  irom  Republic  Steel  Co.  One  half  of 
cups  produced  under  THP-3Q9-B 

c.  TMP-310-C  -  One  coil  1025  carbon  steel,  purchased  from  Sharon 

Steel  Co.  for  TKP-305. 

d.  TMP-310-D  -  14,520  lbs.  of  1031  carbon  steel  purchased  from 

Republic  Steel  Co.  One  half  of  cups  produced  under 
THP-309-D 

e.  T#P-3'  •£  -  75,000  cups  (swaged)  1025  carbon  to  be  purchased 

from  Bethlehem  Steel  Co. 

f .  TMP-310-?  -  One  coil  of  1025  carbon  steel  purchased  from 
Republic  Steel  for  TM?  301, 
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Sf  'i:  It  is  imperative  that  the  information  requested  throughout  this  tXP 
be  gathered  as  required.  This  Information  is  required  to  prepare 
specifications,  Technical  Data  Packages,  Manufacturing  procedure*, 
an,^  a  final  report  at  the  end  of  the  program-  Therefore,  each  area 
responsible  for  the  porticos  of  this  IX?  shall  acknowledge  by  sub¬ 
mitting  the  tnloraatlce,  within  the  second  seven  calender  days  of 
each  sooth,  to  the  Project  Engineer,  Xr«  Valter  Vets,  Bldg.  219*2* 

The  quantities  of  cups  to  be  processed  into  cartridge  cases,  Dwg. 

FD  24412  fre*  the  above  listed  Materials  shall  be  specified  by  the 
Project  Engineer. 

2.  Industrial  Services  D  tree  to  rate  shall  process  the  strip  or  cups 
in  the  following  Manner  using  the  sequence  of  operations,  tools,  inspection 
limits,  hardness  controls  and  solutions  listed  below.  Maintain  the  identity 
of  each  type  of  steel  with  CV  (cold  work)  as  well  as  designated  letters. 

2.1  Blank.  &  Cup 

Press;  crank  vertical,  double  action  -  Bliss  go.  6 
Tools:  Blanking  Punch,  SXF3A  11209,  Rev  C 
Cupping  Pusich,  SXFS&  11206  Rev  C 
Blank  i  Cup  Die,  SXFSA  11207,  Rev  E 
Stripper,  SXFSA  11206 
Stripper  Spring,  FT-lOOo 
Stripper  Bolder,  SKFS*.  3683 
Gage  Limits:  SXFSA  9863  -  O.D.  0.694-0,700 

SXFSA  $864  -  Base  fchiek.  0,150  -  O.I56- 
SKFSA  9665  -  Vail  thick.  0.180  Inside 
Base  -  0.107  -  0.117 
Vail  thick.var .O.lSO  from  inside 
Base  -  0.004  max. 

Vail  height  var.0.035  «ax- 
Veight  -  194  grs  (approx) 

Solution:  l-l/2  parts  water  to  1  pert  lubro  Ho. 44 

2.2  Vash,  Rust  Prevent 

Barrel:  setal,  rotary,  inclinable,  Baird 

Solution:  Eot  vuter,  4  cups  tri-sodium  phosphate;  wash  for  l/2  hour; 

Rust  Preventive:  potassium  dichromate  added  to  final  rinse. 

2.3  Anneal 

Furnace:  LLodberg,  atmosphere  controlled 
Temperature;  1320°? 

Time  in  furnace;  51  ninutes  at  teat  (51  isinutes  cooling) 

Hardness:  l/lo"  from  Junction  of  base  and  sidewall  on  O.D.  Rg  65  sax. 


2.4  Phosphate  Coat  &  Lubricate 

Machine:  Ransomatic  unit  or  other  appropriate  equipment 

2.5  First  Draw 

Press:  crank  vertical  duplex  Bliss  So.  62 


Tools:  Punch  FB5669 

Guide  Ring  PT-I966A 

Top  Die  PTC-1982 

Bottom  Die  PTC-I963 

Stripper  PT-1294A 

Stripper  Holder  PT-1005 

Stripper  Spring  PT-lOOo 


Gage  Limits:  SKFSA  9866  -  O.D.  0.595-0-600 

FB  36251  -  base  thick.  0.150-0.158 
SKFSA  9667-  wall  thick.  0.437  tram,  inside 
Base  0.058  -O.O02 

wall  thick,  var.  0.437  fro®  inside  base- 
0.004  max. 

Drswing  Solution:  One  (l)  part  Lubewell  S33G0  mixed  with  6  parts  water. 

2.6  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara 

Solution:  7.5  lbs  of  Bensalt  to  200  gals  of  water 

Rust  Preventive:  3  oz  of  potassium  dichromate  added  to  rinse  water 

2.7  Phosphate  Coat  &  Lubricate 

2.8  Second  Draw 


Press;  crank. 

Tools:  Punch 

Guide  Sing 
Top  Die 
Lube  Ring 
Bottom  Die 
Stripper 
Stripper  Holder 
Stripper  Spring 
Gage  k  Limits 


vertical,  single  actio?.  Bliss  Ho.  304 
FB  56667 
FB  52211 

PTC -114  or  SKFSA.  6803  or  FB  l86l8A 
SKFSA  10768 

PTC-II5  or  SKFSA  6803  or  FB  186103 
FT -1002 
PT-1005 
PT-lOOo 

FB  22309  -  O.D.. 5695- 572 
FB  22305  -  base  thick.  0.152-0.160 

wall  thick,  and  var.  at  l/4”  and  3/4"  to  be  established. 


Drawing  Solution:  One  (l)  part  Lubewell  SB300  mixed  with  6  parts  water. 
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2.9  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara  -  (see  2.6) 


2.^ 


Jterkice:  LikiVcnr,  .hteosphere  esetniUti 
THBttkibice:  13^F 

Sat  is  Saraeo-i^  Shanes  *&  k*t  (51  slattcs  cooSiag) 
Surfaces:  »oc^e  Justice  of  kie  aal  liicwll  eo 

OLD.  3^66  iw. 

2-11  Stots?ba-e  Coot  at  Saacicete 

IfcdJae:  amwiic  salt  or  otter  ■ar:ntote  iy-^wit 


2-12  iUri9rw 


2.13 


'JcZStfaCZ 

Tad»: 


crusk  Ktt!et^>  simile-  actiOBj 

haa  ns&ffl 

Su&Ije  U«  n  ^S7) 


Too  Die-' 

Sake  Jilaj: 
lott«9k 


S5C-22D3  or 
SOS*.  IC?6& 
25C-121A 


miM  Bo.  30fc 


n  36060 


Stripper 

Stripper S£Ufcr  l!*M0p: 

SSripper;SsrSte(|  R4006 

apn  &  Uolta:  J*  366*52  -  OJ.  0-516-0.515 

SOSA.  9&I3  -  Sue  taick.  O-I55-C.I65 
SQSK  ^  -  ail  thick-  l/V  £roa  Ixsitte  tea 
0X35-0.041 

all  iilck-  mr  -  lj\m  torn  la>Uk  Sue  0X05  ■**- 
3051  9^75  -1-0/BT  £n>  Mk  tee 
wall  tklck.  OX3SXX23 

ail  thick-  *r  -  1-1/&*  fine  iwiie  teae  OJXQax. 
%nrbK,Sektla:  One  (lj  pert  lateewell  SQOOtiixcd  vita  6  parts  water. 
H»k>  teat  aewtle  fia«r  t  Dry 


teufeen  Ilaffom  -  (see  2-6) 

2.14  iteocfoaie  Cost  fc  Iskrlchte  (IT  accessary) 

Machine:  Baacoatic  emit  or  other  appropriate  eqpipot 


P-i.5  Fccrta  Er*w 


Skessz 

Teds: 


eraci,  wsrtie*!, 
gaath 

Qalde  Hiafi 
To?EIe 
L^ot-  Eirg 
Ssttoa  Die 
•^tr  ij.?£r 

Strlsger  Bolder 
Stripper  EprScg 


slegXtr  actioe,  Sllss  So.  3U 

53  50675 
saes*.  i£37i;o 
Fts  51233 
S32EA  arrsa 

PIE-.*'*  =5 

F2--L3E53 

S5-1QG6 


G*g*  *  Halts:  53  41^3  oetside  dt*.  0.4&S9  -  Q.^BS 

F2  22333  base  thick.  G-1'3  -  O.I® 

S3  &3L  wall  thick-  1/4"  Six*  ic side  6**e  Q-OJl-G.OijS 
vail  thick-  ar  i/4"£ro«  IrsLi:  Q.OG&-  aax. 

PB  23471  wll  thick-  0-70  Ittm  Saslfie  hsfce  0*015-0.0235 

seB.  thick-  wr.  0170  Shea  izslic  bivt  0.002  nfex. 


Er*wlng  SdiKiah:  Cdc  (l)  part  labewell  S5300  aJLcsd.  with  6  gsytswater- 


Z-io  rMXsSs,  Hirst  Ptoewsdtii.'ws  Hicss  &  Hry 
vMfcshtrz  atfsgars.  -  (sec  2.6) 


2.27  Trlai 


Stechlcet  bsrtr.-mtta.lj,  slsglc  spindle 


Tbals:  Octter 
Spiral*:- 
Sleewe 

Stripper  Ssicj 
Sat 

Sarrisg  Cstter 
Spricg 


S32Sa.  lgg@ 

sa.  33254 

SSSFSA  6l,l8 

SCSI  6122 
sa  30255 
SCSI  6119 
assa.  6123 


Casts  &  Limits:  S335*.  S&H  -  inside  lesgth  1.840  -  1.8o0 


2-13  Sort 

2.18.1  Shosgfeste  Cest  &  lubricate  (  Ibis  operation  recalled  only  IT  operation 

2.14  is  omitted) 


2-19  -Socket 

Press:  horizontal  toggle  asd  crack 
Tools:  Die  SZFSA  11572-2 

Eject  Stea  F3  57126 

Punch  F3  23c34A 

Cage  &  Lisits:  F3  41260  -  outside  die-  0.4684-G.4592 
7322303 -  web  thick.  0.023  -  0.0^2 
FB  22320  pocket  concentricity  0.003  aax. 


5ft 


SiXS:  ©rerotloo  eoi  tools  ceatlcoed  siWve  are  to  be  used  when  tvo  piece 
sasdicg  patch  is  used  at.  beadfc-g  ojeratloQ. 

Hsrtial  Anneal  (mouth) 

Kscbire:  Electric  Iraiactiea  first  or 
Kicsise:  Gss  (Brass  Cssc  Hautb  Anneal) 

2-26  rt^c'aitc  Cc&t 

2-27  ftoggr  £  Pics 

Press:  Vertical,  datable  action,  creni  -  Bliss  Xo.  l£2 
'Stools:  Jfcutn  ironies  caeca  c^-3S#?5 

5&at&  ironing  die  ET-ICGQ 

Mbath  Irrolcg  spring  r*?-lG12 
1st  Ttoner;  SboaSspDie  SrSl-&39 

~  BcdyBte  SSESA-olftO 

EJfcct  Stefi.  SaSSV-Slte 

Die  Anvil  553S*-&kL 

2al  Taper:  Shoulder  Die  SSEA-6143  cr  KC  1921ft 

Sody  Die  PEC  1969 

Eject  Stem  PC  19*8  or  SHFS*.  6l42 

Die  Anvil  SX?3A-6l*l 

Sing:  Etsach  PjT®i59k  or  S23S&-6I46 

Case  &.  Halts  F3  23^55  Concentricity  of  nfsc£-Q.GQ4  aar 

F3  23524  Efcx  Profile 

EB  23529  Profile  of  body 

SESMJSfD  Sfaotth  dies.  0-39s3-0-39^ 

P3-23522  length,  head  to  shoulder  2-£Z7  -  2.631 

F3-23453  Seek  disae.  0-3413  -  0-3433 

jacr  leant  Sib chine  oil  Spec-  W-O-252- 

2.25  Tash,  Hast  Preventive  Ussh  3c  Dry 
Vasisr:  Sissara  -  (see  2-6) 

2.29  Finish  2ris 

Machine:  Vertical,  single  spindle 
Tools:  Cutter  ETC-10103  or  SSFS*.  6l43 

Cutter  Holder  PT-10113  or  S2SSA  6l47 
Support  Cover  ET-1014  or  SXFSA  6lh9 
Retainer  Scat  fT-1923  or  5XFSA  6150 
Case  Support  FA-33376  or  SKFSA  6l49 
Cutter  Clasp  ET-lOIJn.  or  SKFS.4  6l49 
Cages  &  Limits:  F3  23526  -  total  length  2.00.03-  2.0093 
Lubricant:  Lubricate  cases  by  viping  with  a  cloth  impregnated  with 
Oil  spec.  W -0-251 


2.50  ^ ash,  Susc  Preventive  Rinse  J»  Dry 


Vaster:  Niagara  -  See  2.6 

2.31  Visual  Irspect  -iGE 

Kasaita:  Eorizoatai,  win  seres,  cocsveyor 

2.32  Iron  £u5Sj^aie  («eit>  it*  ir«s  phosphalicg  equipoeri  and  process  in  Eldg.  215  can 
proven,  Jt«a  ptMSpfcaeic^  of  the  cases  will  untisse  to  be  oerforaed  in  and  by  the 
Flaring  Shop,  1552-i) 

a.  Pickle  clean 

b.  Slectwlycic  clean 

c.  Alkaline  clean 
d_  Stater  rinse 
e.  Acfi  pickle 
ff.  Water  rinse 
S-  Iron  phosphate 
n.  Water  rinse 
i.  Cocadi  tioaiqg  ~5£cse 

2.33  Dry  To  be  deterra  ced  by  Plating  Scop,  3GW24 

2.3$  Vasn-'sh  -  Coatil  the  varnish  wait  and  process  in  Bldg.  21?  can  be  proven, 
trie  case  varnish  operation  will  continue  to  be  performed  in  and  by  the 
Painting  Shop,  X3&22 

Machine: 

a.  Material:  Varnish,  phenolic-  Spec  MEL-V-12276 
Type  HI,  Class  S 

— -  .is^^sity.  Varnish  viscosity  at  rocs*  tesnperstnre 
26  to  33  seconds,  Zaha  #2  cop 

c.  Imersioa:  Tine-  1  minute  approx. 

d.  Centrifuge:  Time  -  1  minute  approx. 

2.35  Varnish  Cure 

Equipment  :  Gven 

a-  Curing  cine-  375°  to  4D0°F  metal  temperature  for  30  to  45  nan. 
hQ7£:  Varnish  shall  have  a  dark  greenish  appearance  when  it  is  properly  cured. 

2.36  Visual  Inspect  -  1007. 

Machine:  Horizontal,  twin  Screw,  ccayeyor. 

2.37  Case  Gage  -  100Z 

Machine:  Conventional  cartridge  gage  and  weigh  machine  set-uo  to  gage 
Che  profile  of  the  case. 


2.jS  lead,  ?sge  &  Weigh  Sc.  Visual  Ins  pec 


Sane  sacnines  as  sbeva  in  the  operations  control  Section  jenabssj 
to  Cartridge,  Ball  &  Tracer,  SA3t,  7.fea,  M5D  &  Mg2  except  vori 
cts.il  be  vigailjf  Inspected  as  It  is  being  discharged  from  each 
iniivldisl  =a  chine. 

j.  ruruism  gages  required  to  accomplish  the  project 
#*.  record  the  foilowiag  J’rnatiCa: 

*«-I  Sacbir  of  pieces  processed  through  each  operation 
1.?  jtoaaat  of  scrap  obtained  at  each  operation 

5. -3  Anaurnt  of  pieces  processed,  by  each  tool 
*8-b  Season  each  tool  is  discarded 

b.5  Ascent  and  cause  of  douatiK 
b-6  Machine  speeds. 

5-  Perform  a  cardaess  test  ca  five  pieces,  taken  hourly  from  each  of  the 
interdrau  anneals. 

6.  ifcasara  five  pieces  from  each  cap  end  draw  punch  every  hear.  Record 
and  subnit  to  Project  Engineer.  (lii?  3IO-?) 

7-  Sfcasore  five  pieces  every  39  minutes  from  the  trim  operation:  through 
all  subsequent  operations  with,  the  exception  of  taper  end  plug,  which 
shall  be  measured  every  15  xlrsatea.  Record  and  submit  measurements 
to  Project  Engineer¬ 
ed.  Submit  a  copy  of  the  cartridge  case  ICO £  visual  inspections  and 
the  gage  end  weigh  inspection  to  the  Project  Engineer. 

9.  Record  and  submit  a  record  of  the  DBC  ballet  gill,  velocity,  pressure 
and.  waterproof  tests  taken  at  the  loading  operation,  to  the  Project 
Engineer. 

10.  Perform  a  measurement  survey  (per  Iodic  check)and  a  weight  check  on 
samples  of  five  varnished  cases  taken  frccathe  varnished  case  visual 
inspection  operation  for  all  dimensions  shewn  on  drawing  ?D2^4l2. 
Record  results,  and  forward  to  Project  Engineer.  The  samples  shall 
be  taken  at  the  beginning  and  end  of  each  lot. 


fbrfora  a  hardness  check  css  samples  of  five  (jj  cartridsc  cases 
sjsih,  taken  ftas  the  varnished  case  inspection  operation.  Tbs 
samples  shall  be  taken  at  the  beginning  ecd  end  or  each  lot-  Take 
readings  at  positions  (head  &  body)  shown  on  drawing  FD  2MQ2,  using 
recvfcraadeA  hardness  as*i  lead. 

iL  -V-rforu  &  hardness  test  on  the  strip  at  the  beginning  ansi  end  of  each 
coll.  Use  Rockwell"^*’  scale-  {'SKP-310-Fji 

JLJ.  Supply  a  sufficient  quantity  of  VCS46  Sestera  Ball  propellant  to  accomplish 
this  program. 

14.  Supply  sufficient  quantities  of  7-c2ac  Ball  sO0  and  Tracer  Bilits 
for  leading  and  assembling  into  cartridges-  Project  Engineer  will 
specify  amounts  of  each. 

15-  Supply  a  sufficient  quantity  of  Ko.  34  primers  for  thin  program. 

lo-  Maintain  identity  of  work,  through  all  o^raliaSs 

17-  Furnish  a  complete  cost  breakdown  of  expenditures  do  Project  Engineer 
Str.  ».  Veis,  JT200- 

lo.  Forward  quantities  of  cartridges  as  specified,  by  Project  Engineer  to 
Engineering  Proof  Testing  Laboratories  J<£00 

19-  Each  cartridges  when  requested 

20-  Recove  tools  from  machine  as  each  operation  is  completed  end  store 
properly  identified,  unless  otherwise  specified. 

21-  Manufacture  additional  tools,  if  required. 

PITMAN  3US5  HHSEftBCH  LAB  -  IdOOO 
»£EAXICAL  >ETALUJEGY  StfiSCH  -  L7200 

22-  rhraish  photomicrographs  of  samples  of  three  components  each,  taken 
from  the  interdraw  anneals,  second,  third  and  fourth  draws.  Photo¬ 
micrographs  shall  be  taken  on  the  middle  wall  area  using  750  magni¬ 
fication. 

23-  Examine  a  sample  of  five  cartridge  cases  each  from  each  lot  for 
cold  shut  determinations.  Take  photouacrogra phs  (100  magnification) 

TEST  &  KVAUJATIOK  DIVISION  -  Q60G0 
BASIC  FATERIAXS  EVALUATION  HRAKCn  -  Q61C0 

24-  Perform  hardness  determinations  as  requested  by  Pro jectSngineers . 


Perform  salt  spray  test  using  SOi  solution  on  a  saanle  of  five 
varnished  cartridge  cases.  Method  of  test  shall  be  in  conformance 
with  Federal  Test  Method  Standard  So.  141,  Method  6o6l 

Perform  salt  spray  test  utilizing  20$  solution  on  samples  of  five 
cartridges  assembled  with  varnished  cases-  Method  of  test  shall 
be  in  conformance  with  Federal  Test  Method  Standard  Ko.  141,  Method 
606l. 

■Aiwpcgios  Bsygioasare  &  fsgisesrisg  ia3.  .  j4ooo 

>g£AUUBGICAL  ESGRo  £?JLSCH,  J440Q _ _ 

Forward  three  components  free  each  interdraw  anneals  and  each  draw 
to  Mechanical  Metallurgical  Branch  L7200  for  photomicrographs  of 
grain  structure. 

Forward  five  headed  ccsponects  to  Mechanical  Metallurgical  Branca, 
L72QO,  for  cold  sheet  determinations  and  photomicrographs. 

Provide  metallurgical  technical  assistance  where  and  when  required. 

cszxicd.  BSGiaasaiss  g&ac-s  -  j43oo 

Forward  samples  of  varnished  cartridge  cases  and  cartridges  assembled 
with  varnished  cases  to  Fnvtxoiiacnial  Branch,  QfeQO,  for  salt  spray 
testing. 

Provide  chemical  technical  assistance  where  and  when  required. 

SMALL  CALISR  ItM  3ER.  I&B,  J9000 
AMSXJZIC®  B3KGS.  BBA3C3,  JflCO 

Forward  samples  of  finished  cases  to  Basic  Materials  Evaluation  Branch, 
Q6l00,  for  hsrdness  determinations. 

Provide  technical  assistance  relative  to  tooling  and  process  where 
and  when  required. 


MISER  ».  WEIS 
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FKAHKKORD  ARSENAL 

AJsaismoa  mxr.wKz?.:.?  l  k:;gisesrikg  itesstssfEass 

EKDIHEEHIKG  DIVISION  TAP  310-7. ucKS  STEP?- 
REVISION  #  1 


Effective :  l6  September  1§6S 

Subject :  Case,  Cartridge,  7.62cm,  Cold  Harked,  Manufactured  from  different 
types  of  steel. 

Background  and  Synopsis  of  Present  Situation; 

Recent  proof  test  firing  of  four  scall  lots  of  cartridges,  assembled  with 
cold  worked  cases  canufactured  from  four  different  types  of  steel,  lots  B, 
C,  D  s:d  F  produced  splits  in  the  aSn  and  “SJ”  positions. 

Purpose : 

50  provide  additional  test  lots  manufactured  from  the  BCn  lot  of  steel, 
using  codified  processes. 

Instructions  2nd  Requirement^: 

1.  Process  approximately  10,000  (approximately  320  lbs.)  cups  frea  Lot 
0KP-31O-C-1  in  the  following  manner : 

a.  Process  as  requested  in  TMP  310  up  to  and  including  par.  2.6 

b.  Anneal  (new) 

Furnace:  Lindberg,  atmosphere  controlled 
Tenp:  1520°F 

Tice  in  furnace:  51  minutes  at  heat  (pi  minutes  cooling) 
Hardness:  l/l6  above  Junction  of  base  and  sidewall  on  O.D.  R-. 

66  max.  * 

c.  Continue  processing  in  accordance  with  paragraphs  2.(  to  2.14 

d.  Fourth  Draw  (par  2.15) 

CD  all  tooling  as  stated  shall  be  utilized  except  for  a  new 
punch  (Bv:g  FA  52832)  which  will  be  provided  by  project  engineer. 

e.  Continue  processing  in  accordance  with  paragraphs  2.16  to  2.18. 

f.  Pocket  (par  2.19) 

(1)  all  tooling  as  stated  shall  be  utilized  exceDt  the  die  which 
shall  be  PT  2208  or  PTC  2208. 


g:j 


g.  Head  (par  2.20} 

(}}  all  tooling  ai  stated  shall  be  utilized  except  the  die  which 
shall  be  ??  2215  or  PTC  2215 

h.  Continue  processing  in  accordance  with  paragraphs  2.21  to  2.24. 

i.  At  this  point  the  components  shall  be  separated  into  two  lots 

of  equal  amounts.  One  lot  shall  be  designated  as  TKP  310-C-2  and  the  other 
as  TPP  310-C-5. 

j.  Body  Anneal  (par  2.25) 

(1}  lot  TKP  310-C-2  shall  be  body  annealed  usin/.  the  Tocco 
induction  annealer  located  in  Bldg  213-1 .  The  hardness  of  the  components 
after  annealing  shall  be  maintained  at  the  following .hardness  range  for 
the  positions  mentioned. 

location  from 
head 

1-13/52^1-406) 
l-3TMn  (1.578) 
l-3An  (1.750) 
l-7y3n  (1.875} 

(2)  lot  TKP  310-C-3  shall  be  body  annealed  using  the  brass  ease 
mouth  anneal  machine.  The  hardness  of  the  components  after  annealing  shall 
be  the  same  as  mentioned  for  the  induction  anneal  above. 

k.  Continue  Drocessing  of  both  lots  in  accordance  with  Daragranhs 
2.26  to  2.38. 

l.  All  gage  limits  and  information  requested  in  original  TKP  apply. 

P.  W.3IS 


WALTER 


Vickers  hardness  ort 
unsectioned  case  (2j~  Kg~load) 
257  +  25 
232  +  10 
183  +  10 
140  +  10 
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B  -  OOliiWSKEDC^jmiJFAaCHM;  PSSCi^ 


7  ydbraury  15 Off 

Sahjectr  Cur.,  Ctnd^e,  Cold  gashed.  SBR^ocrim  Process 

Frcjict  Easiafrfcr;  iatScstriatl  Strrkrs  Dircerc-rzte 

SSppoert  5fctEsSl«33?;  V.  T-sarg  -  J-WOO,  act.  2323J3 

£.  Scaafrgrty  -  jWSO,  act.  24135 

Sagpart  Cheaascsy;  C-  Baltonci:  -  3*133,  act.  242S> 

L  X»i*y  -  JOSS,  act.  2«2C 

Backttvmtad  awfl  Srsaysls  of  ?r»rat  SStaMtiatt 

EnJcr  T®  350  —  7.k2aa:  Steel  aad  Brvislna  #1,  two  lots  of  cold  scried 
7.S2ax  cartridge  cases  sue  pcouSaced  aed  irmtlil  uta  9*2  tracer  car¬ 
tridges.  The  saccessfial  test  firing  of  'Jkm  car  crimes  «u  to  he  the 
basis  5e»r  possible  groaaccUw  of  a  laijper  pilst  lot.  the  test  firing  ws 
saccessfod;  therefore,  the  Oireetor,  JOEL  Buis  Isseed  iascrwcrrfacss  to  pro¬ 
ceed  with  the  xneafactwre  of  a  larger  lot  with  ISO  ass-lag  fell  respon¬ 
sibility  fa?  process  tag-,  yiHqr  of  work,  canplatfoa  into  cartridges, 
acsipsaace  osciai  ad  padoflag  of  apycadialy  30,900  Bali  9*0  and  2 0,000 
Tracer  962  caccr£dfu. 

lastcocciaas  and  Ir— ire— ts 

Esin*  foot  coils  of  1023  carbon  steel  located  in  Ikg.  210-1 ,4  pur¬ 
chased  from  Sharon  Steel  Os.  for  lSiP-305,  159  shall,  sfoc  receipt  of  tMs 
process  irfcra&s,  predate  50,900  ?.(£»  Sail  9*3  aai  23,000  7.C2a 
Tracer  62  cartridges  niwtiii  with  cold  worked  steel  cartridge  cases. 

These  cartridges  shall  he  completed  am i  packaged  within  three  iwaorks 
after  receipt  of  this  process  Infarnatrioa. 

The  cartridges  shall  he  packed  la  the  following  nw err 

a.  49,000  Ball  9*0  and  10,000  Tracer  9*2  cartridges,  linker 
foot  Ball  to  oar  tracer. 

h.  7,000  Ball  ?*0,  5  roood  clips 

c.  3,000  Ball  ISO,  linked,  all  hall. 

d.  5,000  Trace:  3*2,  5  rone  clips 

e.  5,000  Tracer  J*2,  linked,  all  tracer. 


65 


Stress  cartridge  cases  arr-r  the-  repdeeaeat  shall  be  asserol^d  Sato 
>*S3  Sell  cartridges  vici  deCerniaiarao*  as  ts»  tie  type  of  pack  Being  =»*3e 
ac  a  late?  dace. 

SaSescrial  Sendees  Directorsc e  shall  process  tie  scrip  in  toe  follcai- 
rag  marsarr.  vsiatg  tie  sefsesre  of  operations.  cools,  iaspccdsa  Ifacits. 
hardness  eaagpals  an£  solnriotss  listed  Below. 

1.1  link*  Op 

?r«t:  crank  vertical,  dbuble  action  -  Bliss  So.  6 
Tools:  llafclag  M,  SKKi  11203.  k«  C 
Owim  fMd,  SGRft  11206  An  C 
Has  4  Op  Daes  SDSJL  11207,  kn  E 
Stripper,  SOSA  11209 
Stripper  Spriaf,  R-10M 
Stripper  blicr,  SKFSA  3SJ2 
Case  Units:  SCSI  9063  -  0.0.  0.694-0.700 

SOSA  9S66  -  Base  Thick.  0.150  -  0.156 

SOSA  9065  -  Vail  click.  0.190  inside  Base  -  0.107  -  0.117 
Hall  Chkk.«n.  0.190  fron  inside  Base- 0.001  : 
Sail  ki^C  w.  0.035  max. 

Height  -  196  grs  (approx) 

Solsdoet:  1-1/2  pares  water  &»  1  part  labxo  Bo.  64 

1.2  Kuk,  Ante  Freveac 

Barrel;  acral,  rctary,  ixliaAle,  Baird 

Solaiios:  lot  water,  4  cops  tri-soJin  phosphate;  wash  for  1/2  hour; 

tost  Preventive:  potass ine  dichranste  added  to  final  rinse. 

1.3  Jneaeai 

Iteroace:  Iiadbe.g,  at-a&sphcre  controlled 
Tespcratare:  1320'F 

Tine  in  furnace:  51  suatts  at  heat  (51  minutes  cooling) 

Hardness :  1/16“  iron  junction  of  base  and  sidewall  on  O.D.  Kg  66  nax. 

1.4  ffiosphate  Coat  &  lubricate 


Machine:  Eansonatic  unit 


1.5  First  Draw 


Press:  crar.‘< ,  vertical,  duplex.  Bliss  So.  62 
Tsois:  punch  FB56669  Rev  A 

Guide  Sing  PT-1966A 

Top  Die  PTC-1932 

Botcoc  Die  PTC-1983 

Stripper  PT-1294A 

Steipper  Haider  PT-1005 

Stripper  Spring  PT-1006 

Gage  Units:  SKFSA  9866  -  O.D.  0.595-0.600 

FB  36251  -  base  thick.  0.150-0.158 

SKFSA  9867-wall  thick.  0.437  from  inside  base  0.053-0.064 

wall  thick,  var.  0.437  from  inside  base-0. 0C4  sax. 
Drawing  Solution:  One  (1)  part  Lube we 11  SB300  mixed  with  6  parts  water. 

1.6  Bash,  Rust  Preventive  Rinse  &  Dry 
Basher:  Niagara 

Solution:  7.5  lbs.  of  Pennsalt  to  200  gals  of  water 

Rust  Preventive:  3  oz  of  potassium  dichromate  added  to  rinse  water 

1.7  Anneal 

Furnace:  Lindberg,  atmosphere  controlled 
Temperature:  1320° F 

Time  in  Furnace:  51  minutes  at  heat  (51  minutes  cooling) 

Hardne  ,s:  1/16"  above  junction  of  base  &  sidewall  on  0D  Rg  65  max. 

1.8  Phosphate  Coat  &  Lubricate 
Machine:  Ransomatic  unit. 

1 . 9  Second  Draw 

Press:  crank,  vertical,  single  action.  Bliss  No.  304 
Tools:  Punch  FB56667  Rev  A 

Guide  Ring  FB  52211 

Top  Die  PTC-  U4B  or  SKFSA  6803  or  FB  18618A 

Lube  Ring  SKFSri  10768 

Bottom  Die  PTC-115A  or  SKFSA  6803  or  FB  18618B 

Stripper  PT-1002 

Stripper  Holder  PT-1005 

Stripper  Spring  PT-1006 

Gage  &  Limits:  FB  22309  -  0.0.  5695-. 572 

FB  22305  -  base  thick.  0.152-0.160 
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SKFSA  5935  -  wall  thick.  V*  from  inside  base  0.049  to  0.055 
Temp.  Gage  -  wall  thick.  5/8  from  inside  base-G. 038-0. 044 
wall  thickness  var  at  V  and  5/8  positions  - 
0.004  max. 

Drawing  Solution:  One  (1)  part  Lubewell  SB3O0  mixed  with  6  parts  water. 

1.10  Wash,  Fust  Preventive  Rinse  &  Dry 
Washer:  Niagara  -  (see  1.6) 

1.11  Anneal 

Furnace:  Lindberg,  atmosphere  controlled 
Temperature:  1320”F 

Time  in  furnace:  51  minutes  at  heat  (51  minutes  cooling) 

Hardness:  1/16"  above  junction  of  base  and  sidewall  on  O.D.  Rg  66  wax. 

1.12  Phosphate  Coat  &  Lubricate 
Machine:  Ransoraatic  unit 


1.13  Third  Draw 


Press:  crank,  vertical,  single  action.  Bliss  No.  304 


Tools :  Punch 

Guide  Ring 
Top  Die 
Lube  Ring 
Bottom  Die 
Stripper 
Stripper  Holder 
Stripper  Spring 
Gage  &  Limits:  FB  36052  - 
SKFSA  9873 
SKFSA  9874 

SKFSA  9875 


FB  56668 
FB  56670 
PTC-2203 
SKFSA  10768 
PTC- 121A 
PT- 1003D 
PT-1005B 
PT- 1006 

O.D.  0.516-0.519 

-  base  thick.  0.155-0.165 

-  wall  thick, 
wall  thick. 

-  wall  thick, 
wall  thick. 


V  from  inside  base  0.035-0.041 
var  -  V'  from  inside  base  0.004  max. 
1-1/8"  from  inside  base  0.018-0.023 
var  -  1-1/8"  from  inside  base  0.003max. 


Drawing  Solution:  One  (1)  part  Lubewell  SB300  mixed  with  6  parts  water. 

1.14  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara  -  (see  1.6) 

1.15  Phosphate  Coat  &  Lubricate 
Machine:  RansomatLc  unit 
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1.16  Fourth  Draw 


Press:  crank,  vertical,  single  action.  Bliss  No.  304 
Tools:  Punch  FA  32832  Rev  A 

Guide  Ring  SKFSA  10770 

Top  Die  FB  57128 

Lube  Ring  SKFSA  10768 

Bottom  Die  PTC-131C 

Stripper  PT-1004F 

Stripper  Holder  PT- 10053 

Stripper  Spring  PT-1005 

Gage  &  Limits:  FB  41263  outside  dia.  0.4670  -  0.4682 
FB  22303  base  thick.  0.156  -  0.168 
FB  23471  wall  thick.  %"  from  Inside  base  0.031-0.036 

wall  thick,  var.  from  inside  base  0.004  max. 

FB  23471  wall  thick.  1.70  from  inside  base  0.010-0.0135 

wall  thick,  var.  1.70  from  inside  base  0.032  max. 

Drawing  Solution:  One  (1)  part  Lubcwell  S3300  mixed  with  6  parts  water. 

1.17  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara  -  (see  1.6) 

1.18  Trim 

Hachine:  horizontal,  single  spindle 
Tools:  Cutter  SKFSA  10268  or  PT-126A 

Spindle  FA  30254  or  PT-1904 

Sleeve  SKFSA  6118  or  PT-1907 

Stripper  Ring  SKFSA  6122  or  PT-133 

Nut  FA  30255  or  PT-1906 

Burring  Cutter  SKFSA  6119  or  PT-1905 
Spring  SKFSA  6123  or  PT  1971 

Gages  &  Limits;  SKFSA  9871  -  inside  length  1.840  -  1.860 

1.19  Sort 

1.20  pocket 

Press:  horizontal,  toggle  and  crank 
Tools:  Die  SKFSA  11572-2 

Eject  Stem  FB  57126 

Punch  PTP2207 

Gage  &  Limits:  FB  41260  -  outside  dia  0.4692  max. 

FB  22303  -  web  thick.  0.028  -  0.032 
FB  22320  pocket  concentricity  0.003  max. 


1.20  Head 


Press:  horizontal,  toggle  and  crank 
Tools:  Die  SKFSA  11431-1 

Eject  Stem  FB  57125 

Punch  (lpc> 

Punch  (2pc)  FA  53393B  or  PT1039C 

Punch  Holder  PT-1941C 

Gages  &  Limits:  FB  41247  -  outside  dia.  0.4698  aax- 

FB  22341  -  pocket  dia.  0.2093  -  0.2098 
FB  22323  -  pocket  depth  0.1255  -  0.1305 
FB  22303  -  web  thick,  0.052  -  0.062 
FB  23482  -  pocket  concentricity  0.005  eax 
F3  23330  -  head  crookedness  0.004  ux. 

1.22  flash.  Rust  preventive  Rinse  &  Dry 
Washer:  Niagara  -  (see  1.6) 

1.23  Stress  Relief 

Furnace:  Lindberg,  electric,  recirculating  air 
Temperature:  840’F  *  10’F  for  40  ninutcs  at  reaper* cure. 

1.24  Head  Turn 

Machine:  horizontal,  siagle  spindle 
Tools:  Collet  PT-1003B 

Spring  PT-3009 

Foru  Tool  FB  52213  (carbide  type  C6) 

Gages  &  Limits:  FC2884  -  head  dia.  G.467  -  0.471 

FC  2927  -  head  thick.  0.048  -  0.053 
FC  2884  -  Ext  groove  dia.  0.403  -  0.407 

1.25  Vent  &  Deburr 

Machine:  WFF  Primer  Insert 
Tools:  Burr 

Punch  PT-1025 

Stem  FB  186363 

Vent 

Punch  Holder  PT-170B 

Punch  FB  36474 

Die  FB  36475 

Stem  FB  35476 
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1st  So  Vent  Detest 
Holder  PT-176A 

Cl-esp  PT-179A 

Stem  FT- 1778 

Detect  Tin  PT-178 

2nd  So  gent  Detect  -  Same  as  1st  So  Vent  Detect 
Gases  &  Liaits:  SKrSA  956S  -  dia.  cf  wear  hole  0.078-0.032 

SDIH:  Operation  sad  tools  mentioned  shove  are  to  be  used  when  two  piece 
beading  punch  is  used  at  heading  operation. 

1.26  Partial  Anneal  (Body) 

location  froa 
Head 

1-13/32  (1.406) 

1-37/64  (1.578)  240  +  10  87  to  89 

1-11/16  (1.6S7)  150  i  15 

1-3/4  (1.750)  150  Z  10  79  to  81 

1-7/8  (1.875)  150  t  10  79  to  81 

Rockwell  readings  given  for  setup  purposes  only.  Vickers 
readings  to  be  taken  after  setup  hardness  is  obtained. 

Machine:  Gas  (Brass  Case  Mouth  Anneal) 

1.27  Phosphate  Goat  (Do  not  lubricate) 

Machine:  Ransoaatic 

1.28  Taper  &  Plug 


Vickers  Hardness  on  Up- 
sectioned  Case  (2fc  kg  load) 


Press:  Vertical,  double  action,  crank  -  Bliss  No.  162 


Tools:  Mouth  ironing  punch 
Mouth  ironing  die 
Mouth  iro-ting  spring 
1st  Taper:  Shoulder  Die 
Body  Die 
Eject  Stem 
Die  Anvil 

2nd  Taper:  Shoulder  Die 
Body  Die 
Eject  Stea 
Die  Anvil 


PT2210A  (optional) 
PT2211A  (optional) 
PT-1012  (optional) 
SKFSA-6139  or  PTC1916C 
SKrSA-6140  or  PTC1915B 
SKFSA-6142  or  PT1918B 
SKFSA-6141 

SKFSA-6143  or  PTC  1921C 

PTC  1989 

PT1922B 

SKFSA-6141 


Plug:  Punch  PT-159A  or  SKFSA-6146 

Gage  &  Limits  FB  23455  Concentricity  of  neck  -  0.004  sax. 

FB  23524  Max  Profile 

FB  23520  Profile  of  body 

SKFSA-9870  «outh  dia.  0.3078  -  0.3085 

FB-23522  Length,  head  to  shoulder  1.627  -  1.631 

FB-23460  Neck  Dia.  0.3413  -  0.3433 

Lubricant  Machine  oil  Spec.  VV-0-251 

Lubricate  cases  by  lightly  wiping  with  cloth  impregnated 

with  oil. 

1.29  Wash,  Rust  Preventive  Rinse  &  Dry 

Washer:  Niagara  -  (see  1.6) 

1.30  Finish  Trim 

Machine:  Vertical,  single  spindle 
Tools:  Cutter  PTC-1010B  or  SKFSA  6148 

Cutter  Holder  PT-1011B  or  SKFSA  6147 
Support  Cover  PT-1014  or  SKFSA  6149 
Retainer  Seat  PT-1923  or  SKFSA  6150 
Case  Support  FA-33876  or  SKFSA  6149 
Cutter  Clamp  PT-1015A  or  SKFSA  6149 
Gages  &  Limits;  FB  23526  -  total  length  2.0003  -  2.0093 

1.31  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara  -  (See  1.6) 

1.32  Visual  Inspect  -  100% 

Machine:  Horizontal,  twin  screw,  conveyor 

l 

1.33  Iron  Phosphate  -  To  be  accomplished  in  Bldg.  217-2  according  to  process 

to  be  supplied  by  Chemical  Engineering  Branch,  J4300, 
upon  request.  Ref.  DF  dated  30  Jan  69. 

1.34  Dry  -  To  be  determined  by  Chem  Engr  Branch,  J4300. 

1.35  Varnish  -  To  be  performed  in  and  by  the  Painting  Shop,  X3422. 

Machine: 

a.  Material:  Varnish,  phenolic  -  Spec  MIL-V-12276,  Type  III,  Class  B. 

b.  Viscosity:  Varnish  viscosity  at  room  temp.  26  to  30  secs,  Zahn  #2cup. 

c.  Immersion:  Time  -  1  minute  approx. 

d.  Centrifuge:  Time  -  1  minute  approx. 
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l.3f»  Varnish  Cure 


Equipment :  Oven 

Curing  time  -  375°  ce  400nF  metal  temperature  for  30  to  45  rain. 

NOTE:  Varnish  shall  have  a  dark  greenish  appearance  when  it  is  properly 
cured. 

1.37  Visual  Inspect  -  1007. 

Machine:  Horizontal,  twin  Screw,  conveyor  (Clean  hoppers  are  mandatory) 

1.38  Prime 

Machine:  Vertical,  straight  line,  crank  and  rocker,  WFF  &  Mch.  Co. 
Station  Tool  Drawing 


No  case  detect 

Detector 

PT1134A 

Foreign  matter  detect 

Detector 

PT1135A 

Stem 

PT181A 

Burr 

Burr  Punch 

PT1025 

Stem 

PT2327 

No  vent  detect  #1 

Holder 

PT-176 

Clamp 

PT179 

Stem 

PT177 

Detector  Pin 

PT173 

No  vent  detect  #2 

Same  as  No  vent  dete-.t  #1 

Insert  &  Seat 

Punch 

PT2145 

Holder 

PT2148 

Anvil 

PT2147 

Inverted  &  No  Primer  Detect 

Detector 

PT182 

Seat  &  Crimp 

Punch 

FB41932 

Holder 

PT2149 

Sleeve 

PT2150 

Anvil 

PT187 

Stem 

PT186 

Defective  Primer  Detect 

Assembly 

PT2344 

Detector 

PT2331 

Nut 

PT2332 

Stem 

PT2333 

Mouth  Waterproofing 

Assembly 

PT2342 

Cup 

PT2334 

Plunger 

PT2335 

Body 

FT2336 

Station 

Tool 

Drawing 

Cup  Spring 

PT2339 

Key 

PT2338 

Plunger  Spring 

PT1155 

Nut 

PT2337 

Primer  Waterproofing 

Assembly 

PT2343 

Pin 

PT2340 

Holder 

PT2341 

NOTE:  Crimping  punch  shall  protrude  0.018"  from  face  of  holder. 

1.39  Gage  &  Weigh  &  Visual  Inspect 

Same  machines  as  shown  in  the  operations  control  Section  pertaining 
to  Cartridge,  Ball  &  Tracer,  NATO,  7.62mm,  M80  &  M62  except  work 
shall  be  visually  inspected  as  it  is  being  discharged  from  each 
individual  machine. 


NOTES: 


1.  Industrial  Services  Directorate  is  requested  to  process  this  lot  of 
aontunition  by  a  continuous,  uninterrupted  production  method. 

2.  Industrial  Services  Directorate  will  be  responsible  for  all  aspects  of 
this  project  which  shall  include  processing  inspection,  assembly,  testing  and 
packaging.  At  the  completion  of  the  project  all  information  relative  to 
process  Inspections,  test  firing,  etc.,  shall  he  available  upon  request. 

3.  Mr.  Walter  Young,  J4400,  under  the  guidarce  of  Mt .  Edward  Dougherty, 
J4400,  will  be  responsible  for  metallurgical  evaluations  at  each  operation  to 
determine  the  metallurgical  adequacy  for  continued  processing  of  the  com¬ 
ponents  into  completed  cartridge  cases. 

4.  Mr.  Gregg  Koltonuk,  J4300,  under  the  guidance  of  Mr.  Robert  Manley, 

J43u0,  will  be  responsible  for  chemical  aspects  of  the  project  and  will 
offer  assistance  upon  request. 

5.  Mr.  Rudolph  Grosskurth,  J7200,  will  provide  limited  technical  assistance, 
if  requested;  should  problem  areas  arise  in  processing. 
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